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1.0 PROJECT DESCRIPTION 1

The Fernald Environmental Management Project (FEMP), formerly the Feed Materials Production 2
Center (FMPC), is a contractor-operated federal facility for the production of purified uranium metal 3
for the U.S. Department of Energy (DOE). The FEMP is located on 1050 acres in a rural area 4
approximately 20 miles northwest of downtown Cincinnati, Ohio. On July 18, 1986, a Federal 5
Facilities Compliance Agreement (FFCA) was jointly signed by the U.S. Environmental Protection 6
Agency (EPA) and DOE to ensure that human health environmental impacts associated with past and 7
present activities at the FEMP are thoroughly investigated so that appropriate remedial actions can be 8
assessed and implemented. 9
A remedial investigation/feasibility study (RI/FS) has been initiated to develop these remedial actions. 10
A part of this RI/FS is Operable Unit 4, which consists of Silos 1 and 2 (K-65 silos), Silo 3 (metal 1
oxide silo), the unused Silo 4, and the silo structures and surrounding berms. Operable Unit 4 is 12
located south of the waste pit area. The FS for Operable Unit 4 is considering remedial actions for the 13
silo structures and for waste stored in the silos and in the adjoining silo berms. 14
1.1 BACKGROUND INFORMATION 15
1.1.1 Site Description 16
A variety of chemical and metallurgical processes were utilized at the FEMP for manufacturing ura- 17
nium products. Uranium compounds were introduced into the FEMP processes at several points 18
during the manufacturing process. Impure starting materials were dissolved in nitric acid, and the 19
uranium was purified through solvent extraction to yield a solution of uranyl nitrate. Evaporation and 20
heating converted the nitrate solution to uranium trioxide (UO;) powder. This compound was reduced 21
with hydrogen to uranium dioxide (UO,) and then converted to uranium tetrafluoride (UF,) by reaction 22
with anhydrous hydrogen fluoride. Uranium metal was produced by reacting UF, and magnesium 23
metal in a refractory-lined vessel. This primary uranium metal was then remelted with scrap uranium 24
metal to yield a purified uranium ingot. 25

From 1953 through 1955, the FEMP refinery processed pitchblende ore from the Belgian Congo. 26
Pitchblende ore contains all daughter products of the uranium decay chains and is particularly high in 27
radium. No chemical separation or purification was performed on the ore before its arrival at the 28
FEMP. Beginning in 1956, the refinery feedstock consisted of uranium concentrates (yellowcake) 2
from Canada and the United States. Canadian concentrates were not processed after 1960. In the 30

production of these concentrates, most of the uranium daughters had been removed. Radium-226 (Ra-226) a1
and thorium-230 (Th-230), however, remained in the yellowcake in amounts that varied with the process. 7]
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Small amounts of thorium were produced at the FEMP on several occasions from 1954 through 1975.
Thorium operations were performed in the metals fabrication plant, the recovery plant, the special
project plant, and the pilot plant. The FEMP currently serves as the thorium repository for DOE and
maintains long-term storage facilities for a variety of thorium materials.

Large quantities of liquid and solid waste were generated by the various operations at the FEMP.
Before 1984, disposal of solid and slurried waste from FEMP processes was in the on-property waste
storage area. This area, which is located west of the production facilities, includes seven low-level
radioactive waste storage pits and a clearwell; two earthen-bermed concrete silos containing K-65
waste that are high-specific activity and low-level radium-bearing residues resulting from the pitch-
blende refining process; one concrete silo containing metal oxides (raffinate solids disposed of in the
pits are similar to those initially dried and pneumatically transferred to that silo) and one unused con-
crete silo; two lime sludge ponds; and a sanitary landfill. The waste storage area is addressed under
Operable Units 1, 2, and 4.

An inactive fly ash disposal area and an active fly ash pile, addressed under Operable Unit 2, are
located approximately 3000 feet south-southeast of the waste storage area. One pile remains active for
the disposal of fly ash from the FEMP coal-fired boiler plant. Fly ash from this area will be tested in
the Operable Unit 1 treatability studies. An area between and adjacent to the fly ash areas, known as
the Southfield, is believed to be the disposal site for construction debris and possibly other types of
solid waste from FEMP operations. The Southfield is also being addressed as a solid waste unit under
Operable Unit 2. '

1.1.2 Operable Unit 4 Description
Operable Unit 4 is located south of the waste pit area and consists of four concrete silos: Silos 1 and

2 (K-65 Silos), Silo 3 (metal oxide silo), the unused Silo 4, and the silo structures and surrounding
berms. Silos 1 and 2 were used for the storage of radium-bearing residues formed as by-products of
uranium ore processing. Silos 1 and 2 received residues from 1952 to 1958. Raffinates (residues
resulting from uranium solvent extraction) were pumped into the silos where the solids would settle.
The free liquid was decanted through a series of valves placed at various levels along the height of the
silo wall. Settling and decanting continued until the silo material was approximately four feet below
the top of the vertical wall.

Historic analysis of the Silos 1 and 2 residues indicates that approximately 11,200 kilograms (kg) of
uranium (0.71 percent uranium-235 [U-235]) is present. Analytical results of residue samples taken in
July 1988 indicated the uranium concentration was 1400 parts per million (ppm) in Silo 1 and 1800
ppm in Silo 2. In addition, approximately 0.13 to 0.21 ppm of radium was estimated to be in the silo

13

residues.
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Data from the 1989 sampling effort conducted by Westinghouse Environmental Management Company
of Ohio (WEMCO), formerly Westinghouse Materials Company of Ohio (WMCO), for Silos 1 and 2
indicate that the concentration of Ra-226 in Silo 1 ranges from 89,280 to 192,600 picoCuries/gram
(pCi/g) in Silo 2 it ranges from 657 to 145,300 pCi/g. Th-230 concentrations in Silo 1 range from
10,569 to 43,771 pCi/g and from 8365 to 40,124 pCi/g in Silo 2. The concentration of lead-210 (Pb-
210) in Silo 1 ranges from 48,490 to 181,100 pCi/g and from 77,940 to 399,200 pCi/g in Silo 2.

Total uranium concentrations in Silo 1 range from 1189 to 2753 ppm and from 137 to 3717 ppm in
Silo 2. '

Due to the probable diffusion of radon into the berms, it is believed that the berms and subsoils
contain elevated levels of Pb-210 and polonium-210 (Po-210). There may have been leakage from the
existing leachate collection system beneath the silos into the surrounding soils. If this has occurred,
the potential for uptake of long-lived radionuclides would be a major hazard. Sampling of the berms
and soil beneath the silos is scheduled and, upon completion, will confirm the nature and extent of
contamination and contaminant migration, if any. '

Silos 3 and 4 were constructed in 1952 in a manner similar to Silos 1 and 2; however, the silos were
designed to receive dry materials only. Raffinate slurries from refinery operations were dewatered in
an evaporator and spray-calcined to produce dry materials for storage in the silo. The material was
blown in under pressure to fill Silo 3. Silo 4 was never used and remains empty today.

Silo 3 contains silica, uranium (738 to 4554 ppm), Th-230 (21,010 to 71,650 pCi/g), a very small
amount of Ra-226 (467 to 6435 pCi/g), and other metal oxides. Silo 3 is not a significant radon
source, and due to the physical characteristics of the silo contents (dry and powdery), it is not believed
to be the source of any contaminant migration to the surrounding and underlying areas. It is, however,
still a source of radioactivity and a potential airborne contaminant hazard due to its dry, powdery
consistency.

Appendix D contains more detailed information on the radiological, organic, and inorganic constituents
of the silo material. However, these results do not fully characterize the contents of Silos 1 and 2.
The variability and inconsistency of results from previous sampling efforts and the lack of material
from the lower areas of the silos precludes the use of these data for fully characterizing the silos’
contents. Therefore, a resampling program was conducted (and completed in August 1991), but
analytical results are not available for inclusion into this document. The results will be documented in
the Operable Unit 4 Remedial Investigation (RI) Report.

It should be noted that particle size distribution and sample heterogeneity will affect the results of the

treatability study. If the cement technology is carried forward, more tests should be conducted during
K]
+.
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the Remedy Design Phase to better define the effects of these parameters. During the treatability
study, the effect of particle size distribution is being controlled by grinding and sieving the waste and
reagents, if necessary, to pass through a 0.11- or 0.187-inch sieve before mixing. In addition, the
waste and dry reagents are mixed thoroughly before the water (and if appropriate sodium silicate) is
added. The wet mixture is further mixed to ensure good mixing. The effects of sample heterogeneity
are being monitored during the treatability study Advanced Phase where waste from different locations
(Zones A, B, C) will be treated.

During the treatability study, it will be noted if material is hard to mix due to viscosity of sample or
high liquid content.

1.2 REMEDIAL ACTION OBJECTIVES
The overall program goals, i.e, remedial action objectives (RAOs), are medium-specific cleanup goals

for protecting human health and the environment. They address the contaminants of concern as well
as exposure routes and receptors identified in the baseline risk assessment. The primary purposes of
RAOs are to ensure site-wide compliance with:

»  Chemical-specific applicable or relevant and appropriate requirements (ARARs) and to
be considered (TBC) guidelines

»  EPA guidance for risk to public health from hazardous chemicals

»  Regulatory standards for control of radiation and radioactivity in the environment

The RAOs for Operable Unit 4 must cover all constituents (radiological and chemical) that contribute
to a reasonable maximum exposure (RME) scenario. RAOs for Operable Unit 4 are given in Figure
1-1. Altemnatives for remediation must meet airborne RAOs and direct radiation RAOs at a point
immediately adjacent to the silos, as well as drinking water RAOs in perched water that might be
encountered directly below the silos. The treatability study goals are given in Section 1.4.

Ten remediation altematives for Operable Unit 4 are listed in the DOE report "Initial Screening of
Alternatives for Operable Unit 4," (DOE 1990a). Nine of these alternatives are still under con-
sideration. Laboratory data are needed to evaluate the alternatives, eliminate altematives that are not
technically feasible, and aid in the selection of a preferred altemative(s). Further details of the
alternatives are given in Section 2.0.

1.3 JUSTIFICATION

The justification to conduct these tests is provided by EPA in "Guide for Conducting Treatability
Studies Under CERCLA" (EPA 1989a). The document recommended treatability tests for those
substances that do not have standard treatment methods or supporting data in the literature that prove

17
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MEDIA

REMEDIAL ACTION OBJECTIVES

bal

1. SILO CONTENTS

1-1

2. AIR

1-3

2-2

23

For Human Health:

| 14

Prevent exposures to non-carcinogens which would result in a
Hazard Index greater than or equal to unity (1), and/or combined
risks from exposure to carcinogens greater than or equal to 1.0E-04,

using 1.0E-06 as the point of departure.

Prevent migration of contaminants which would result in

groundwater concentrations greater than the MCLs or non-zero MCLGs, that

would result in a Hazard Index greater than or equal to unity (1),
and/or combined risks from exposure to carcinogens greater than
or equal to 1.0E-04, using 1.0E-06 as the point of departure.

Prevent current and future direct radiation doses from
exceeding 100 mrem/yr.

For Environmental Protection:
Prevent migration of contaminants that would result in surface
water levels greater than ambient water quality criteria.

Prevent current and future direct radiation doses from
causing detectable chronic effects.

For Human Health:

Prevent inhalation of contaminants which would result

in a Hazard Index greater than or equal to unity (1), andfor combined
risks from exposure to carcinogens greater than or equal to 1.0E-04,
using 1.0E-06 as the point of departure.

Prevent doses from radionuclide emissions at the FEMP from exceeding
10 mrem/yr, and radon flux from exceeding 20pCi/square meter-second.

For Environmental Protection:
Prevent current and future radiation emissions from causing
detectable chronic effects.

FIGURE 1-1. REMEDIAL ACTION OBJECTIVES
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MEDIA

REMEDIAL ACTION OBJECTIVES

et

31

3. SOILS

32

41

4. SEDIMENTS

42

For Human Health:

Prevent inhalation offingestion of/direct contact with soils
surrounding the silos which would result in a

Hazard Index greater than or equal to unity (1), and/or combined
risks from exposure to carcinogens greater than or equal to 1.0E-04,
using 1.0E-06 as the point of departure.

Prevent migration of contaminants which
would result in groundwater concentrations greater than the

MCLs or non-zero MCLGs, that would result in a Hazard Index greater than or equal to
to unity (1), and/or combined risks from exposure to carcinogens
greater than or equal to 1.0E-04, using 1.0E-06 as the point of departure.

Prevent radium concentrations from exceeding 5 pCi/g in the first
15 cm of soil, and 15 pCi/g at lower depths. Prevent concentrations of other
nuclides from exceeding levels that would resulit in doses greater than 100 mrem/yr.

For Environmental Protection:

Prevent migration of contaminants that would result in surface
water contamination levels greater than ambient water quality criteria.

For Human Health:

Prevent ingestion of/direct contact with sediment contaminants

which would result in a Hazard Index greater than or equal to

to unity (1), and/or combined risks from exposure to carcinogens
greater than or equal to 1.0E-04, using 1.0E-06 as the point of departure.

For Environmental Protection:

Prevent releases of contaminants from sediments that
would result in surface water contamination levels greater than
ambient water quality criteria.

FIGURE 1-1.
(CONTINUED)
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MEDIA

REMEDIAL ACTION OBJECTIVES

0c

5. SURFACE WATER

6. GROUNDWATER

5-1

5-2

6-1

6-2

For Human Health:

Prevent exposures to non-carcinogens which would result in a
Hazard Index greater than or equal to unity (1), and/or combined
risks from exposure to carcinogens greater than or equal to 1.0E-04,
using 1.0E-06 as the point of departure.

For Environmental Protection:
Restore surface water to below ambient water quality
criteria.

For Human Health:

Prevent ingestion of water having contaminant levels greater than

the MCLs, non-zero MCLGs, TBCs, or which would result in a Hazard Index greater
than or equal to unity (1), and/or combined risks from exposure to carcinogens
greater than or equal to 1.0E-04, using 1.0E-06 as the point of departure.

For Environmental Protection:

Restore groundwater aquifer to contaminant concentrations below
the MCLs.

FIGURE 1-1.
(CONTINUED)
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the material of interest can be effectively treated by reducing its volume, toxicity, or mobility. The
RAO:s and treatability goals for Operable Unit 4 are discussed in Sections 1.2 and 1.4.

Westinghouse is conducting ex situ vitrification tests on the Silos 1 and 2 materials. The stabilization
tests in this work plan are required so that comparisons of ex situ vitrification and stabilization that
will be made in the FS and in subsequent engineering designs can be based on fact rather than on
conjecture.

Because the Silo 3 wastes were produced at the FEMP site and because metal reduction by solvent
extraction is a proven technology for uranium oxides, these oxides are not the subject of an extraction
study. Yet, because of the unique nature of the Silo 1 and 2 materials and the lack of process
knowledge conceming their chemical rather than elemental composition, it is not obvious if an
extraction process can be developed that would remove a sufficient quantity of metals in order to
render the material nonhazardous as defined by the Resource Conservation and Recovery Act (RCRA).
Unlike the Silo 3 material, the original Silos 1 and 2 material was processed at the Mallinckrodt
Chemical Works. Production records from this facility are no longer available except for elemental
analyses developed by NLO, formerly National Lead Company of Ohio (Bettis et al.). These analyses
are not sufficient in detail to support a metals extraction decision as feasible or not feasible.

Similarly, the cementation process requires a unique recipe to be formulated for each unique waste
form. Because neither the Silo 3 nor the Silos 1 and 2 materials have been the basis of a cementation
study, a treatability study must be performed to determine whether cementation is a feasible option.

These treatability studies are necessary to eliminate alternatives in the Operable Unit 4 FS. This study
is currently carrying nine alternatives and two different stabilization options. The studies are needed
to definitively provide information that would reduce the number of options that must be considered.

Finally, because of the unique nature of the material in the silos, the materials deserve special
consideration to ensure that the ultimate remedial action alternative selected by DOE in the Record of
Decision (ROD) can be supported without the potential for criticism by the local community and
environmental political action groups. The project cannot afford to arrive at the end of the process
without the appropriate documentation of its decision-working process.

1.4 GOALS OF TREATABILITY STUDY
The primary goal of the treatability study is to support remedy selection during the FS. It supports the
FS by providing data about the waste treatment under consideration by the FS. This information is

used to select the most promising treatment technologies for further consideration in conjunction with
other aspects of the proposed alternative designs. 2 :ﬂ.
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This treatability study is designed to provide data for technologies that lower the leachability of
contaminants by chemically fixing them in an altered material matrix. These data will be compared to
preliminary remediation goals (PRGs), toxic constituent regulatory limits (toxicity characteristic
leaching procedure [TCLP] limits), and site background concentrations to determine if attainment of
any or all of these goals is feasible using the technologies listed in Section 1.5. These quantitative
goals are developed in Section 3.0, which outlines the treatability study’s specific performance
objectives.

It is not the intent of these treatment methods to reduce leachability of radioactive and HSL con-
stituents by diluting the waste with stabilizing reagents.

1.5 TREATABILITY STUDY

1.5.1 EPA Treatability Guidance
EPA’s "Guide for Conducting Treatability Studies Under CERCLA" (EPA 1989a) outlined a three-
tiered approach to conducting treatability studies for a Superfund site. This original interpretation of

the approach can be seen in Figure 1-2. The remedy evaluation phase of the RI/FS, in accordance
with the EPA guidance, may require a minimum of three tiers of treatability testing:

*  Remedy screening
*  Remedy selection
» Remedy design

Figure 1-3 reflects the approach recommended by DePercin, Bates, and Smith of EPA in their article
"Designing Treatability Studies for CERCLA Sites: Three Critical Issues,” (1991). This illustrates three
levels of treatability testing and how this treatability plan compares with these requirements.

Pre-ROD treatability studies provide the critical performance and cost data needed to (1) evaluate all
potentially applicable treatment alternatives and (2) select an alternative for remedial action based on the
nine RI/FS evaluation criteria.

The detailed analysis of alternatives phase of the RI/FS follows the development and screening of
alternatives and precedes the actual selection of a remedy in the ROD. During the detailed analysis, all

remedial altemnatives are evaluated based on nine RI/FS evaluation criteria. These criteria are as follows:

«  Overall protection of human health and the environment

+  Compliance with ARARs

» Long-term effectiveness and permanence

+  Reduction of toxicity, mobility, and volume through treatment

+  Short-term effectiveness

«  Implementability 22
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Source: Guide for Conducting Treatability Studies Under CERCLA. Interim Final 12/89.

FIGURE 1-2. THE ROLE OF TREATABILITY STUDIES IN THE RI/FS AND RD/RA PROCESS
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*Designing Treatability Studies for CERCLA Sites:
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Management Association, Vol. 41, No. 5.

FIGURE 1-3. RELATIONSHIP OF THE OPERABLE UNIT 4 TREATABILITY STUDIES TO THE RI/FS PROCESS
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e Cost
e  State acceptance
¢  Community acceptance

These criteria are described in detail in "Guidance for Conducting Remedial Investigations and
Feasibility Studies Under CERCLA" (EPA 1988).

The relationship between the evaluation criteria and the data that will be generated during treatability
studies is shown in Table 1-1. For example, the ability of a particular waste formulation or tech-
nology (cement stabilization versus vitrification) to provide protection of human health and the
environment would be determined by evaluating factors such as concentration of contaminants in the
leachate, the durability of the waste form, its compressive strength as it relates to disposal and
handling, permeability, and intrinsic properties of the waste form (glass versus cement).

Remedy screening is the first step in the tiered approach. Its purpose is to determine the feasibility of
a treatment alternative for the contaminants/matrix of interest. These tests are typically conducted
under conditions that are favorable to the technology. These small-scale studies are designed to
provide a qualitative evaluation of the technology and are conducted with minimal levels of quality
assurance/quality control (QA/QC). Tests conducted under this tier are generic in nature (not vendor
specific). If the feasibility of the treatment cannot be demonstrated, the alternative should generally be
screened out at this time.

The remedy selection tier of the treatability study program is designed to provide information, which
will be used to determine whether a treatment alternative can meet the operable units’ cleanup criteria
and at what cost. This tier generates the performance and cost data necessary for remedy evaluation in
the detailed analysis of the FS altemative phase. The cost data developed in this tier should support
cost estimates of +50/-30 percent accuracy. The performance data will be used to determine if the
technology will meet ARARs or cleanup goals. Remedy selection studies are typically small scale
incorporéting generic tests using bench- or pilot-scale equipment in either the laboratory or field. The
study costs are higher than those encountered in the remedy screening tier and require longer durations
to complete. The levels of QA/QC are moderate to high because the data from these studies will be
used to support the ROD.

In the remedy design tier treatability study, detailed scale-up, design, performance, and cost data are
generated to implement and optimize the selected remedy. Remedy design studies are performed after
the ROD, usually as part of the remedy implementation. These studies are performed on full-scale or
near full-scale equipment with the purpose of generating detailed, scale-up design and cost data. The

23
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TABLE 1-1

RELATIONSHIP OF TREATABILITY DATA TO FS EVALUATION CRITERIA

Overall protection of human
health and the environment

Compliance with ARARs

Long-term effectiveness and
permanence

Reduction of toxicity,
mobility, or volume through
treatment

o

Short-term effectiveness

Implementability

Cost

State acceptance

Community acceptance
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“Cement stabilization only.
bVitrification only.
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study should focus on optimizing process parameters. These studies require moderate to high QA/QC
and are typically vendor specific.

1.5.2 Approach
Treatability studies will be performed in accordance with 40 CFR 261.4(e) and (f), and OAC 3745-51-

04(e) and (f). Treatability studies on the silo materials will be performed as part of the remedy evaluation
phase of the RI/FS. These treatability studies will aid in the selection of a remedial action alternative that
is feasible, implementable, and cost-effective. These studies will consider cement stabilization of the

Silos 1 and 2 and Silo 3 material and the leaching, leachate stabilization, and leachate purification of the
Silos 1 and 2 wastes. Because of the differences in the hazardous and radioactive substances found
between Silos 1 and 2 and Silo 3, these materials will be handled as separate treatability study samples.
See Figure 1-4 for overall flowsheet for this treatability study. TCLP, unconfined compressive strength
(UCS), radiological analysis, modified TCLP (MTCLP), and product consistency test (PCT) will be used
to compare the effectiveness of the various stabilization formulations.

This work plan covers the remedy screening and remedy selection tiers of the treatability studies as
described in the EPA guidance. The remediation screening is performed in the preliminary phase
studies, and the remediation selection is performed after the advanced phase treatability studies. The
preliminary phase studies will determine the potential reagents and conditions for stabilization and/or
leaching of the silo material. Composite samples will be tested in the preliminary phase experiments
to minimize total experiments, cost, and waste generation. The effect of silo material variability will
be evaluated in the advanced phase studies by testing the formulations and/or leaching on the top,
middle, and bottom layers from each silo.

TCLi’ data on the raw material are being collected during the sampling and analysis effort (see
Chapter 6), and TCLP and/or MTCLP data on the treated material is being generated during this
treatability study. The comparison of this data between the untreated and treated waste will be made
during the detail analysis phase of the Feasibility Study.

It is assumed the raw waste samples are similar in composition to the samples used for the treatability
study. This is a logical assumption since the raw material samples are strata samples (from Zones A,
B, and C) from each of the three manways. The treatability samples are strata samples (from zones A,
B, and C) and are composites of the three manways (i.e., each silo has 1 composite sample from each
zone).

2'

FER/OU4-6/JK.WP361.1/12-30-91

17
18

19

2 & BB

8 8B 8 R



16-0€-T1/ T 196dM AL/9-YNONTHA

FUFEMP-4005-8/1-4

Silo 1, Silo 2, and Silo 3

o Leach
Stabilize (Silos 1 & 2 only)
1
Silo 3 Silos 1 &2 Liquid Solid
! i 1
Precipitation
Ucs
TCLP .TCLP ucs Reagent TCLP Rad
!
Solid Liquid
Stabilization
Reagent Vitrification
! !
Wastewater
Collection
TCLP ucs System MTCLP PCT
&9
o)

FIGURE 1-4. TREATABILITY FLOWSHEET
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1.5.3 Stabilization of Untreated Silo Material
.In the preliminary phase, the main effects of various stabilization reagents (i.c., portland cement Type
II, Type F fly ash, sodium silicate, attapulgite, clinoptilolite, and water) will be tested. The samples

from the 1990 archive and 1990-1991 sampling efforts will be subjected to this screening process (see
Section 6.0 for a description of the sampling efforts). The data produced will be used to determine the
scope of the advanced phase studies. Samples from the 1990-1991 sampling effort will be used in the
advanced phase studies. Figure 1-5 illustrates the phases and stages of testing to be performed. The
analytical tests to be performed in each stage are listed in Table 1-2.

Type 1I portland cement was chosen because the materials that were processed to produce the silo
wastes included pitchblende and ore concentrates. Pitchblendes contain varying amounts of sulfate.
Ore concentrations are produced by processing ore with acid. Frequently, the acid used to process the
ore is sulfuric acid. Pitchblende and ore concentration could result in moderate quantities of sulfate in
the raffinate. Portland cement is added to solidify the waste, to add silicates to react with the metals,
and to maintain the treated waste in an alkaline form to decrease the leachability of the metals of
concem. When the cement is used in conjunction with fly ash, it acts to increase the strength of the
treated waste. The fly ash also may decrease the effect of inhibitors, e.g., sulfates and oil, on the
cement setting and strength formation reactions. Sodium silicate is added\ to react with the metals and
lower their solubilities. The soluble silicates additive may also increase the treated waste bearing
strength, decrease the bulking factor, and lower the effect of inhibitors, e.g., sulfate, for a given
cement/fly ash additive loading. Attapulgite and clinoptilolite are added to absorb metals, in particular
cesium, to decrease the leachability of the treated waste. Further justification, based on a literature
study, for the use of cement/fly ash for this treatability study is given in Appendix F. The work plan
was customized to the limited availability of sample from each silo. It was considered prudent to
follow the conservative path that sulfate may be a problem. If during the sample characterization, it is
determined that sulfate is not present, then in the remedy design phase portland Type I cement may be
tested. '

From the available analytical data and the process history of the waste, the organic compound
concentrations should be low. The work plan was written to reflect the known constituents in the waste.
It is expected that the inorgariic inhibitors (e.g., MgF, and inorganic or organic phosphate compounds)
will cause more problems than the organic contaminants. Due to the anticipated problems resulting
from the inorganic inhibitors and the potential organic constituents, a wide range of cement and fly ash
concentrations will be investigated in the preliminary phase. In Stage 1, the proposed range of reagents
(see Tables 4-2 and 4-3) will be investigated on archive samples. The experiments were designed such
that trends could be identified and utilized in the subsequent experiments in this treatability study.

When possible, contour maps of UCS and MTCLP results versus reagent loadings will be created to aid
in visualization of the trends. Based on the results of the tests, the ranges for each reagent may be

29
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Preliminary Phase

Stage |
1990 Archived Silos 1 & 2 Sample Material

1989 Silo 3 Composite Sample Material

Preliminary Phase
Stage lI
Silos 1 & 2 Composite Sample Material

Silo 3 Composite Sample Material

Preliminary Phase
Stage Ill
Silo 1 & 2 Composite Sample Material

Silo 3 Composite Sample Material

Advanced Phase
Silos 1 & 2 Zone Composite Sample Material

Silo 3 Composite Sample Material

- Optional Phase
i 1990-91 Silos 1 & 2 Zone Composite Sample Material

1989 Silos 1 & 2 Composite Sample Material '
Silo 3 Composite Sample Material

FLFEMP-4005-6/1-5

FIGURE 1-5. STABILIZATION OF UNTREATED MATERIAL (SILOS 1,2, AND3) 30
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ANALYTICAL TESTS - STABILIZATION OF UNTREATED SILO MATERIAL

Bulking factor

UCS

Waste form temperature rise

Shear strength

R

MTCLP - metals

MTCLP - Gross alpha - beta

MTCLP - U by IC

Mo s [ R e

L R R R

R R R R R R ke

TCLP - organic

TCLP - metals

TCLP - radionuclide

TCLP - general chemistry

5-Day Static - metals*

5-Day Static - radionuclide

5-Day Static - general chemistry

Permeability

L R R R R R R

*QOptionally, after extraction for 5 days, the samples will be soaked for an additional 85 days.
The sample may be inspected for physical degradation.
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plot UCS, bulking factor, and MTCLP results versus reagent loadings.

The general procedure of this work plan is an iterative process where the results from matrices of
experiments are used to determine the course of the next set of experiments.

Vitrification studies of untreated silo material are not included in the scope of this work plan but are
being conducted separately. It is mentioned here so that the reader is aware that all currently available
stabilization technologies are being considered.

1.54 Silos 1 and 2 Metals Extraction/Precipitation/Stabilization/Vitrification

The work plan was customized to the limited availability of samples from each silo. This limitation
restrains the depth of experimentation with the sample. The treatability study will determine the proof
of principle of the leaching process. In the remedy design phase, the details of the process may be
investigated. If the matrix of experiments indicates that multiple extractions are needed, this will be
noted in the report. Also, if there is sample available and at the investigator’s discretion, a few
experiments with multiple extractions may be investigated. The screening will test various chemical
leaching techniques on residues from the Silos 1 and 2. The samples will be subjected to this
screening process to determine the responsiveness of the silo material to various acid ¢hydrochloric,
nitric, and acetic acids) and ethylenediaminetetraacetic acid (EDTA) leaching schemes. Hydrochloric
and nitric acids were selected as a result of their use in the uranium mining industry and because most
metal chloride and nitrate salts are soluble. Nitric acid has the additional benefit of being able to
oxidize UO, to a more soluble hexavalent uranium complex. Acetic acid was selected due to its mild
complexing ability that may accentuate the metal solubilities.

A flow diagram showing phases and stages of experiments to be performed is presented in Figure 1-6.
The analytical tests to be performed in each phase of the project are listed in Table 1-3. The general

procedure of this work plan is an iterative process where the results from matrices of experiments are

used to determine the course of the next set of experiments.

The most promising leaching methods, as determined in the preliminary phase, will be applied in the
advanced phase analysis. The treatability study will also study vitrification of the leachate, leaching
kinetics, solids washing, solid/liquid separation, precipitation of remaining metals in the leachate solu-
tion, and stabilization of the material precipitated from the leachate. The leachate will be vitrified by
first removing the liquid by evaporation followed by heating the dried waste combined with glass
former/modifiers at 1250°C. The glass former/modifiers tested in this study are alumina-silicates (soil
and fly ash) and sodium hydroxide. The most effective stabilization reagents determined from the
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FIGURE 1-6. METAL EXTRACTION OF COMPOSITE SAMPLES FROM SILOS 1 AND 2
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ANALYTICAL TESTS - METAL EXTRACTION OF SILOS 1 AND 2

TABLE 1-3

Radionuclides

U by IC

Pb by ICP or AA

TCLP metals

R R

Leachate Characterization for
Vitrification

»

MTCLP - metals

MTCLP - Gross alpha - beta

MTCLP - U by IC

PCT - metals

PCT - general chemistry

PCT - Gross alpha - beta

PCT - U by IC
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TABLE 1-3

(Continued)

Settling tests X X

Pb by ICP or AA X X ' X X
UbyIC X X X X
Bulking factor

UCS

Waste form temperature rise

Shear strength
MTCLP - Gross alpha - beta
MTCLP - U by IC
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screening that is described in Section 1.3.3 will be used as a guide in determining the formulations to
investigate. Up to 10 formulations will be examined with the precipitated material.

The precipitation of the leachate experiments are preliminary phase tests to determine which type(s) of
precipitation reagents will be needed to remove the majority of the hazardous and radioactive metals
from the leachate before the liquid is sent to the site-wide water purification system. The subsequent
stabilization or vitrification of the leachate is also preliminary phase tests. They will be used to
determine if the treatment of the precipitated material has a reasonable chance of success and to
provide preliminary cost data for analysis of the total leaching altemative. MTCLP will be conducted
to determine the RCRA metal leachability of the treated material. A PCT to measure durability will
also be performed. If the leaching alternative is carried forward, a full TCLP should be conducted
during the remedy design phase when the actual precipitating reagents and larger volumes are used.

1.5.5 General Selection Criteria

During these pre-ROD treatability studies, the most promising cement-based formulations will meet at
a minimum the following standards: a UCS of approximately 500 pounds per square inch (psi), pass
all of the TCLP leaching standard, and have a minimum volume increase after treatment.

The third criteria will be a secondary requirement. For vitrification, the formulations should pass all
of the TCLP leaching requirements, form a durable glass (as measured with the PCT), and have
minimum volume increase. In addition, the leaching data from cement-based and vitrification
experiments will also be inspected from a risk assessment perspective as a key consideration in the
selection of the most promising formulations.

The best technology will be determined by comparison of multiple criteria during the detailed analysis.
The detailed analysis of the alternatives phase of the RI/FS follows the development and screening of
alternatives and precedes the actual selection of a remedy in the ROD. During the detailed analysis,
all remedial alternatives are evaluated based on nine RI/FS evaluation criteria. These criteria are as
follows:

«  Overall protection of human health and the environment

»  Compliance with ARARs

+ Long-term effectiveness and permanence

«  Reduction of toxicity, mobility, and volume through treatment

»  Short-term effectiveness

+  Implementability

o Cost '
-  State acceptance

+«  Community acceptance
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The relationship between the evaluation criteria and the data that will be generated during treatability
studies was shown in Table 1-1. For example, the ability of a particular waste formulation or tech-
nology (cement stabilization versus vitrification) to provide protection of human health and the
environment would be determined by evaluating factors such as concentration of contaminants in the
leachate, the durability of the waste form, its compressive strength as it relates to disposal and hand-
ling, permeability, and intrinsic properties of the waste form (glass versus cement).

Compliance with ARARs would be determined by whether the treated material meets compressive
strength requirements for disposal, whether this leachate exceeds established discharge standards, and
on factors relating to waste form. A full evaluation of the technology for compliance with ARARsS
will be performed in the FS.

Treatability testing that relates to a technology’s long-term effectiveness and permanence includes its
shear strength and durability for handling and disposal purposes, its solubility as measured by leacha-
bility, and based on permeability, the extent to which it transmits water. The waste form itself (glass
or cement) also influences long-term stability. A glass, for instance, would tend to be a more stable

waste form if the glass is of good quality.

The ability of a technology or formulation to reduce the toxicity, mobility, or volume will be measured
by indicators such as bulking factor for volume reduction, leachate analysis for toxicity and mobility,
permeability, and waste form for mobility reduction.

Short-term effectiveness is impacted primarily by bulking factor, which is an indicator of the volume
of treated waste that must be handled and disposed of by the specific technology chosen. The short-
term impacts associated with implementing cement stabilization would be different from vitrification

- because these technologies have significantly different requirements to construct, operate, and maintain

during remediation.

The implementability of a particular technology is influenced by the volume of waste to be handled as
measured by bulking factor and by the waste form itself (glass versus cement). As with implementa-
bility, cost is impacted by the technology selected and the volume of waste to be generated. Because
cement stabilization and vitrification are radically different processes, each will require different
equipment and facilities.

The final two evaluation criteria, state and community acceptance, are influenced by the results of all
the data and by the other seven criteria.
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Additional information on the use of the evaluation criteria and treatability data in the FS process can 1
be found in "Guidance for Conducting Remedial Investigations and Feasibility Studies Under 2
CERCLA" (EPA 1988). 3
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2.0 REMEDIAL TECHNOLOGY DESCRIPTION 1
Several remediation technologies are being considered for Operable Unit 4. These altematives have 2
been described in detail in the DOE report, "Initial Screening of Altematives for Operable Unit 4, Task 3
12 Report, October 1990" (DOE 1990a). Originally, the altematives for Operable Unit 4 were O, 1, 2, 4
3,4,5,6,7, 8, and 9. Altematives 0, 1, and 2 considered both the K-65 silos (Silo 1 and 2) and the 5
metal oxide silos (Silos 3 and 4); Altematives 3, 4, and 5 considered only the metal oxide silo; and 6
Altemnatives 6, 7, 8, and 9 considered only the metal oxide silo. It was decided in the DOE report 7
"Initial Screening of Alternatives for Operable Unit 4," (1990a) to divide the alternatives to completely 8
separate the silos. Altemnatives O, 1, and 2 were broken into parts, A (Silos 1 and 2) and B (Silo 3). 9
The reshlting altematives for Silos 1 and 2 are 0A, 1A, 2A, 6, 7, 8, and 9; Altematives for Silo 3 are 10
0B, 1B, 2B, 3, 4, and 5. Because Silo 4 was never used, it was not included in the Silo 3 altematives. 1
All alternatives for Silos 1, 2, and 3 are discussed in Sections 2.1 and 2.2. 12
The stabilization technology considered in the following altematives consists of making a concrete-like 13
material out of the waste with the addition of cement, fly ash, and some other compounds. The 14
leaching technology consists of dissolving the radioactive and hazardous components with a solvent, 15
followed by precipitation and stabilization or vitrification of the metals in the leachate. The leaching 16
procedure would greatly reduce the volume of material to be stabilized and disposed of as low-level 17
radioactive waste. The reduction in volume of radioactive and hazardous waste material would greatly 18
reduce the final disposal and transportation costs, which represents the major costs associated with all 19
the viable remedial action alternatives. Solids remaining from the metals extraction would be 20
classified as a solid waste under Ohio law and could then be disposed of in a sanitary landfill. 21
2.1 SUMMARY OF ALTERNATIVES - SILOS 1 AND 2 22
Alternative 0A - No Action 23
This alternative calls for no action and provides a baseline against which the other altemnatives can be 24
compared. It provides for the silos and its contents to remain unchanged without the implementation 25
of any removal, treatment, containment, or mitigation technologies. It does however include the instal- 2%
lation of long-term monitoring equipment as well as the cost of the monitoring program. v}
Alternative 1A - Nonremoval, Silo 1 Isolation 28
This nonremoval alternative for Silos 1 and 2 consists of enhancing the containment integrity of the 29
silos and utilizing them as permanent disposal facilities. An impermeable clay cap and slurry wall are 30
among the technologies considered for this altemative. 3

29
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Alternative 2A - Nonremoval, In Situ Stabilization, and Cap

This nonremoval alternative for Silos 1 and 2 consists of in situ stabilization and capping. Conven-
tional physical stabilization and vitrification were considered as options. In situ vitrification was,
however, screened out as a process option due to concemns about the difficulty of implementability.
The capping and isolation technologies, with the exception of the slurry wall, are identical to those
described for Alternative 1A.

Alternative 6 - Removal, Treatment, and On-Property Disposal

This alternative for Silos 1 and 2 calls for the removal and conventionai stabilization or vitrification of the

silo contents before on-property disposal in an engineered disposal facility. This altemative

includes silo demolition and disposal of the debris. See Figure 2-1 for a flow diagram of Alternative 6.

Altemnative 7 - Removal, Treatment, and Off-Site Disposal

This altemative for removal of the Silos 1 and 2 material is identical to Alternative 6 except that the
material would be packaged for shipment to an approved off-site disposal facility. The flow diagram
for Altemative 7 is in Figure 2-2.

Altemative 8§ - Removal, Contaminant Separation, and On-Property Disposal
This removal altemnative for the Silos 1 and 2 material is similar to Alternative 6 but adds an

additional step of contaminant separation to remove various radionuclides and metals before

stabilization or vitrification and on-property disposal. This would result in significant volume
reduction of material to be disposed of as radioactive waste. The waste materials will be subjected to
acid and EDTA leaching processes to dissolve the radioactive and hazardous metals, including lead,
uranium, thorium, and radium. This leaching process is based on data from Seely (1976), Mound
Laboratories, Rawlings (1951), and NLO, Inc. and Battelle (1981). Lead, barium, copper, and other
metals will also be dissolved in the extraction fluid. Following this leaching stage, the remaining
solids will enter a solid/liquid separation stage, an;l the leachate containing the radioactive and
hazardous materials will be sent to a precipitation stage. This precipitation stage will add selected
anions to yield a radioactive/hazardous precipitate to be vitrified or stabilized for disposal. With the
successful leaching process, the raffinate residues remaining after the acid or EDTA leaching processes
will be disposed of as a nonhazardous, nonradioactive solid waste. See Figure 2-3 for the flow
diagram of this altemative.

Alternative 9 - Removal, Contaminant Separation, and Off-Site Disposal

This alternative is identical to Alternative 8, except that the material would be packaged and shipped

to an approved off-site disposal facility, and the nonhazardous portion is sent to a landfill or is used as

backfill on property. See Figure 24 for the flow diagram. , 0
4
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2.2 SUMMARY OF ALTERNATIVES - SILO 3

Alternative OB - No Action
The no-action alternative for Silo 3, as was the case for Silos 1 and 2, provides a baseline but no

remedial action. Only installation of long-term monitoring equipment and the cost of the monitoring
program are included.

Alternative 1B - Nonremoval, Silo Isolation

This nonremoval alternative for Silo 3 consists of enhancing the containment integrity of the silo and
utilizing it as a permanent disposal facility. An impermeable clay cap and slurry wall are among the
technologies considered for this alternative.

Alternative 2B - Nonremoval, In Situ Stabilization, and Cap

This nonremoval alternative for Silo 3 consists of in situ stabilization and capping. The capping and
isolation technologies, with the exception of the slurry wall, are identical to those described in
Altemative 1B.

Alternative 3 - Removal and On-Property Disposal

This alternative for Silo 3 calls for removal and conventional stabilization or vitrification before dis-
posal in an engineered on-property disposal facility. This alternative includes silo demolition and dis-
posal of the debris. The flow diagram for Altemative 3 for Silo 3 is identical to Altemnative 6 for
Silos 1 and 2 except that the feed for the process is from Silo 3.

Alternative 4 - Removal of Metal Oxides and Off-Site Disposal

This alternative for Silo 3 is identical to Alternative 3, except that the material would be packaged for
shipment to an approved off-site disposal facility. The flow diagram for Alternative 4 is analogous to
that for Altemative 7.

Altemative 5 - Removal and Replacement in Rehabilitated Silos

This altemnative for Silo 3 provides for the removal of the metal oxides and their retum to a rehabili-
tated Silo 3 or Silo 4 reconstructed as a permanent disposal facility. This altemative was not carried
through to detailed analysis because of its inadequate effectiveness and implementability.

Three altemnatives for the three silos are considered nonviable. These alternatives are the "No Action"
alternatives OA (Silos 1 and 2) and OB (Silo 3), and Altemative 5, "Removal and Replacement in
Rehabilitated Silo 3."
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For Silos 1 and 2, the data from this treatability study will be used to help evaluate the stabilization 1
Altemnatives 2A, 6, and 7 and the leaching/stabilization Alternatives 8 and 9. The data will be used in 2
the evaluation of the Silo 3 stabilization Altematives 2B, 3, and 4 (see Figure 1-3). 3
As currently planned, vitrification studies for untreated silo material will be conducted separately. 4
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3.0 TEST AND DATA QUALITY OBJECTIVES 1

The purpose of this treatability study is to assess the performance of various stabilization/leaching 2
technologies on the Operable Unit 4 wastes in support of the RI/FS. To select a preferred altemative 3
for the Operable Unit 4 RI/FS, a waste treatment technology must be screened, data for risk assess- 4
ment studies and ARARs determination must be generated, and the foundation for the subsequent 5
treatability studies must be set. In addition, the level of QA applied during experimentation and 6
analysis must be established. 7
This section will establish the performance objectives for the treatment technologies, the additional 8
data desired for use in subsequent stages of the RI/FS, and the data quality objectives (DQOs). 9
Concentration-based performance objectives and the resulting DQOs for the advanced phase of the 10
treatability testing are driven by the remediation goals (RGs) established for the site. RGs are 1
chemical-specific, medium-specific numerical concentration limits that should address all contaminants 12
and all pathways found to be of concem during the baseline risk assessment process. The baseline 13
risk assessment for Operable Unit 4 has not been completed, but PRGs based on chemical-media- 14
specific concentrations have been developed using results of the RI/FS investigation presently 15
available. These PRGs are based on a 10 risk level (as a point of departure) and are prescnted in 16
Table 3-1 for radiological constituents and Tables 3-2 and 3-3 for chemical constituents. 17
Although these PRGs are used to provide preliminary goals for evaluating the effectiveness of the 18
treatment technology, they are not intended to provide final action levels for contaminants in leachate, 19
soils, or waste residues. Therefore, if the technology does not achieve individually specified levels, it 20
should not be judged ineffective solely for that reason. The technology may later be determined to be 21
the best available technology for treating the silo contents. 2
Additional information has been provided in Tables 3-1, 3-2, and 3-3 to focus the data collection 23

efforts and to provide some perspective on how the FEMP PRGs compare with detection limits, 24
background concentrations, toxic constituent regulatory limits (TCLP limits), and existing ARARs. 25
These tables also contain a column titled "DLRL." These derived leachate reference level (DLRL) 26
numbers were calculated using the same methodology used by the EPA to determine the regulatory n
levels of toxic constituents published in the March 29, 1990 Federal Register (55FR11796-11877). 28

This methodology involved two phases. In the first phase, EPA determined each constituent’s toxicity 29
threshold. This was derived using either reference doses or MCLs for noncarcinogens and a 10° 30
lifetime risk of cancer for carcinogens. In the second phase, EPA calculated the toxic constituent (TC) 31
regulatory limits by multiplying the toxicity threshold by a chemical-specific dilution/attenuation factor 32

4'¢
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TABLE 3-1

COMPARISON OF ARARs, TBCs, PRELIMINARY REMEDIATION GOALS, DERIVED LEACHATE REFERENCE LEVELS,
FEMP BACKGROUND CONCENTRATIONS, AND QUALITY ASSURANCE PROJECT PLAN DETECTION LIMITS FOR

WATER AND SURFACE SOILS

Ac-227 0.4 0.056 56 ~0.02 NA 1.0 0.12 ~0.06 NA
Pa-231 0.5 0.1 100 ~0.02 NA 3 024 ~0.06 NA
Pb-210 1 0.03 30 ~1 NA 5 0.6 -1 NA
Po-210 3 0.075 75 ~1 NA 14 1.5 ~1 NA
Ra-224 15 0.41 410 3 NA NA 82 1 NA
Ra-226 sh 0.16 160 1 1 i 0.33 1.5 0.3
Ra-228 sh 02 200 3 3 ' 39 1 0.5
Rn-220 NA NA NA NA NA k NA 0 NA
Rn-222 300/ 1.5 1500 ~1 NA k NA 0 NA
Th-228 14 1.3 1300 1 1 20 0.13 1 0.6
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TABLE 3-1

(Continued)

Th-230 10 0.82 820 0.1 21! 0.32 1.4 0.6
Th-232 2 0.89 890 1 4 0.32 1 0.6
U-234 0.14 140 0.3 52 0.36 14 0.6
U-235 " 0.15 150 0.02 56 0.39 0.06 0.6
U-238 " 0.15 150 0.3 58 041 1.4 0.6

NA - not available.

*Based on doses from drinking water pathway. Calculated using 4 mrem/yr dose limit from DOE Order 5400.5 and assuming 730 L/year for 70 years.

PRisks of 1 x 10 from the drinking water pathway using HEAST methodology and assuming 730 L/year for 70 years.

“Derived leachate reference level. Calculated using the same methodology as that used by EPA to determine regulatory levels found in 40CFR261 et al.

(Federal Register Vol. 55, No. 61, 11796 - 11877. DLRL was calculated using a risk level of 10 and a dilution attenuation factor of 100.
dSite-specific RI/FS data from the FEMP groundwater report. :

®Based on doses from inhalation of resuspended dust. Calculated using an inhalation rate of 7300 m3/year, a dust loading rate of 0.2 mg/m3, and the

40CFR61 dose limit of 10 mrem/year.

fRisks of 1 x 10 from the inhalation and soil ingestion pathways using HEAST methodology and assuming 51100 m® of air inhaled or 2660 g of soil

ingested per lifetime.

EAll fission products and transuranics are assumed to be zero. Ra-226, Th-232, and U-238 concentrations are from Myrick, T.E., et al., (1983). All

daughter nuclides are assumed to be in equilibrium with their long-lived progenitors. Natural isotopic ratios are assumed for uranium.

f‘Combined radium limit in community water systems 40CFR141.15 and 141.16.
'40CFR192 combined limit for Ra-226 and Ra-228 in surface soil is 5 pCi/g.
Jproposed MCL for Rn-226 in drinking water is 300 pCi/L (1 x 10 risk).

¥40CFR61 fluence limit for radon is 20 pCi/m2-sec.

'Limit for total thorium in soil is 15 pCi/g (DOE 5400.5).
™20 mg/L total uranium is the published preliminary maximum concentration.
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TABLE 3-2

COMPARISON OF PRELIMINARY REMEDIATION GOALS, FEMP BACKGROUND
CONCENTRATIONS, AND CONTRACT LABORATORY-REQUIRED DETECTION
LIMITS FOR SOIL

NA -

Aluminum ¢ 57000 20
Arsenic 8.00 x 10! 7.4 1
Barium 4.00 x 10° 420 20
Beryllium 1.63 x 107! 0.85 0.5
Cadmium (soil) 8.00 x 10! 1.7 0.5
Chromium, 4.00 x 10? 52 1
Cobalt ¢ 9.2 5
Copper d 22 2.5
Lead 5.60 x 10} 17 0.5
Magnesium ¢ 4600 500
Manganese 8.00 x 10° 640 1.5
Mercury 240 x 10° 0.12 0.02
Nickel 1.60 x 10° 18 4
Selenium d 045 0.5
Silver 2.40 x 10% 2.8 1
Thallium 5.60 NA 1
Uranium 2.40 x 10? 42 NA
Vanadium 5.60 X 10? 66 5
Zinc 1.60 X 10* 52 2

not available

2 PRG for a noncarcinogen in soil calculated from: Cleanup Level = (RFD * Body Weight) / (Intake *
Absorption Factor); for an intake of 0.2 gram/day for a 16 kg child and an absorption factor of 1.
Federal Register, 7/27/90, Vol. 55, No. 145, p. 30870. PRG for a carcinogen in soil calculated from;
Cleanup Level = (Risk Level * Body Weight * Assumed Lifetime) / (CSF * Intake * Absorption Factot"j @
* Exposure Duration); for a soil intake of 0.1 gram/day for a 70-kg adult/70-year lifetime exposure.
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(Continued)

The risk level used was 10, the absorption factor was 1, and the exposure duration was 70 years.
Lowest resulting soil concentration is reported as PRG.

® Further site-specific data being developed.
¢ Contract Laboratory-Required Detection Limit (CLRDL).

4 Toxicity data were inadequate for risk-based calculation.

21
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TABLE 3-3

COMPARISON OF ARARs, TBCs, PRELIMINARY REMEDIATION GOALS, DERIVED
LEACHATE REFERENCE LEVELS, FEMP BACKGROUND CONCENTRATIONS, AND
CONTRACT LABORATORY-REQUIRED DETECTION LIMITS FOR WATER

Arsenic 0.050 3.50 x 102 35 NA 0.01
Barium 2.000 1.75 1750 0.0795 0.2
Beryllium 0.0017 8.14 x 10 00.008 NA 0.005
Cadmium 0.005 1.75 x 102 5 0.0057 0.005
Chromium 0.100 1.75 x 10! 100 0.0177 0.01
Copper 1.3008 h 1300 0.0102 0.025
Lead 0.005 2.45 x 102 5 NA 0.005
Manganese NA 3.50 3500 0.0482 0.015
Mercury 0.002 1.05 x 102 2 0.003 0.0002
Nickel 0.1008 7.00 x 10! 100 NA 0.004
Selenium 0.050 h 50 NA 0.005
Thallium 0.0018 245 x 103 1 NA 0.01
Uranium 0.0208 1.05 x 10! 20 1.0 NA
Vanadium NA 245 x 10™ 24.5 NA 0.05
Zinc NA 7.00 7000 NA 0.02

NA - not available
2ARARs are MCLs from 40CFR161 and 162.

bPRG for a noncarcinogen in water calculated from: Cleanup Level = (RFD * Body Weight) / Intake; for
an intake of 2 L/day for a 70-kg adult. (HEAST). PRG for a carcinogen in water calculated from:
Cleanup Level = (Risk Level * Body Weight) / (CSF * Intake); for a water intake of 2 L/day for a 70-kg
adult and a risk level of 10°5. (HEAST). Lowest resulting water concentration was reported as the PRG.

“Derived leachate reference level. Calculated using the same methodology used by EPA to determine

regulatory levels found in 40CFR261. The DLRL was calculated using a 107 risk and a dilution
attenuation factor of 100. (Federal Register Vol. 55, No. 61, 11796 - 11877).
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(Continued)

YFurther site-specific data being developed.

®Contract laboratory-required detection limit (CLRDL).
fProposed maximum contaminant level.

8Current drinking water standard.

PToxicity data were inadequate for risk-based calculation.

53
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(DAF). This DAF accounted for the "reduction in the concentration of a constituent expected to occur 1

during transport through groundwater from the bottom of a disposal unit to a drinking water source" 2
(55FR11816). In the past, EPA has stated its intent to select DAFs for chemicals based on chemical- 3
specific fate and transport modeling. If EPA-sanctioned fate and transport modeling results are not 4
available, "the Agency believes that... a DAF with an order of magnitude precision is appropriate..." 5
for the constituents listed in the March 29, 1990 rule (SSFR11827). Thus, EPA used a DAF of 100 6
when it promulgated those TC regulatory limits (S5FR11826, Section IIL.E.4.d). 7
This same approach was used to derive leachate reference levels for the FEMP treatability studies. 8
First, threshold toxicity levels were determined for the constituents of concem in the material to be ' 9
treated. For carcinogens at FEMP, this threshold was assumed to be the concentration of a chemical 10
that would result in a 10°3 lifetime risk of cancer incidence from ingestion. Exposure assessment 1
methodology set forth in the risk assessment work plan addendum and cancer slope factors in the EPA 12
Health Effects Assessment Summary Tables (HEAST) were used to derive contamination concentra- 13
tions in drinking water that correspond to a lifetime cancer incidence of 10”5, This risk assessment 14
methodology complies with current EPA guidance and the revised Consent Agreement (September 20, 15
1991). For many noncarcinogenic chemicals of concem in these treatability studies, the toxicity 16
threshold was assumed to be equal to the maximum contaminant level (MCL). This is intended to be 17

consistent with the methodology used by EPA (S5FR11813).

18

Next, it was necessary to select a DAF for each constituent of concern in the FEMP treatability 19
studies. Ideally, the DAF for each constituent would be based on the results of EPA-reviewed site- 20
specific fate and transport modeling. Unfortunately, EPA has not yet reviewed and accepted the 21
results of past fate and transport modeling for these chemicals and radionuclides at FEMP. Therefore, 22
for lack of a site-specific value, a DAF of 100 was selected for use in deriving leachate reference 23
levels for the FEMP treatability studies. 24
Once toxicity thresholds and DAFs were determined for each constituent of concern, DLRLs for 25
FEMP treatability studies were calculated using the following equation, which is based on EPA’s 26
published methodology: 27

DLRL = DAF x TT ¢)) 28

where:

DLRL = Derived leachate reference level (pCi/L or mg/L)
DAF = Dilution/attenuation factor (unitless)
TT = Toxicity/threshold for water (pCi/L or mg/L)

FER/OU4-6/JK.361.3/12-30-91

29

30
31
32



RI/FS Treatability Work Plan
January 2, 1992

Vol. WP-Section 3.0 2 4 7 .K_

Page 9 of 21

3.1 PERFORMANCE OBJECTIVES AND DESIRED DATA - STABILIZATION OF UNTREATED
MATERIAL

Specific test objectives have been established so that the performance of the various stabilization

mixtures can be evaluated in the areas of leachability, UCS, and final waste form volume. These

performance objectives will be used to determine if a particular reagent mixture produces an accept-

able waste form. The specific objectives of this treatability program are as follows:

To develop a database of stabilization reagents and corresponding hazardous and radioac-
tive materials leachability for stabilized waste forms

To determine the cement stabilization reagents and relative quantities required to minimize
leachate concentrations of radionuclides and Hazardous Substance List (HSL) constituents
from the final waste form

To determine the cement stabilization reagents and relative quantitics required so that the
final waste form achieves a UCS of approximately 500 psi

To minimize the final volume of treated waste

To estimate the volumes of treated waste that will be generated by each process

To provide leaching characteristics for use in fate and transport modeling

To develop preliminary reagent mixtures for use in later treatability studies

To develop process parameters for use in later treatability studies:

- For cement general stabilization: shear strength, waste form temperature rise with
reagent addition, general description of waste before and after reagent addition, perme-
ability of treated sample, percent water in the waste, pH and Eh of the leachate solutions,
and evolution of gas during mixing or during curing process

To provide chemical and radiological data as shown in Table 3-4

To establish the proof of process and'applicability of the selected stabilization technology

To screen a large number of parameters and identify those that will be critical for later
bench-scale studies

To provide data for evaluation of Silos 1 and 2 altematives:
- 2A - Nonremoval, In Situ Stabilization, and Cap

- 6 - Removal, Treatment, and On-Property Disposal
- 7 - Removal, Treatment, and Off-Site Disposal

39
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TABLE 3-4

CHEMICAL AND RADIOLOGICAL INFORMATION TO BE ACQUIRED

PRELIMINARY PHASE*®

Arsenic (As)
Barium (Ba)
Cadmium (Cd)
Chromium (Cr)
Lead (Pb)
Selenium (Se¢)
Silver (Ag)

Uranium by IC
Gross alpha
Gross beta

Aluminum (Al)
Boron (B)

Iron (Fe)
Lithium (Li)
Potassium (K)
Sodium (Na)

Uranium by IC
Gross alpha
Gross beta

General chemistry

Chloride
Nitrate
Sulfate

Arsenic (As)
Barium (Ba)
Cadmium (Cd)
Chromium (Cr)
Lead (Pb)
Selenium (Se)
Silver (Ag)

Uranium by IC
Gross alpha
Gross beta

Physical parameters

Bulking factor

Temperature of oven
Time of sample heating

Physical parameters

Bulking factor
Temperature rise

Unconfined compressive strength

Shear strength
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ADVANCED PHASE*®

TABLE 3-4

(Continued)

TCL® Volatiles
TCL Semivolatiles
TCL Pesticides/PCBs

Aluminum (Al)
Antimony (Sb)
Arsenic (As)
Barium (Ba)
Beryllium (Be)
Boron (B)
Calcium (Ca)
Cadmium (Cd)
Chromium (Cr)
Cobalt (Co)
Copper (Cu)
Cyanide (CN)
Lead (Pb)
Lithium

Magnesium (Mg)
Manganese (Mn)
Mercury (Hg)
Molybdenum (Mo)
Potassium (K)
Nickel (Ni)
Selenium (Se)
Silicon (Si)
Silver (Ag)
Sodium (Na)
Thallium (T1)
Vanadium (V)
Zinc (Zn)

Ra-total
Th-total
U-total
Pb-210
Ac-227
Pa-231

alkalinity
chloride
reactivity
fluoride
ammonia
nitrate

pH
phosphorus
sulfate

Physical Parameters :
Bulking factor

Temperature rise (cement only)
Shear strength (cement only)
Unconfined compressive strength (cement only)
Permeability (cement only)

Temperature of oven (vitrification only)
Time of sample heating (vitrification only)

*Optional phase information to be acquired may consist of some of these analytes.
PMetals will not be analyzed for if they are not found in the characterization study portions of the work plan (Section 6.0).

°TCLP organics will not be analyzed if the compounds are not found in the characterization study portion of the work plan (Section 6.0).
9Target Compound List (TCL).
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and Silo 3 altemnatives:

- 2B - Nonremoval, In Situ Stabilization, and Cap
- 3 - Removal and On-Property Disposal
- 4 - Removal and Off-Site Disposal

3.2 DATA QUALITY OBJECTIVES - STABILIZATION OF UNTREATED MATERIAL

The data quality needs are used to establish DQOs. The implementation of an appropriate QA/QC
program is required to ensure that data of known and documented quality are generated. The DQOs
will define the level of QA/QC for the treatability testing and analysis.

DQO analytical levels are defined in EPA’s "Guide for Conducting Treatability Studies Under
CERCLA" (EPA 1989a). This guide states that the requisite analytical levels are dictated by the types
and magnitudes of decisions to be made based on the data and the objective of the screening. A
description of the analytical levels is presented in Table 3-5. A list of tests and associated DQOs for
stabilization are listed in Table 3-6. In addition, the appendices that contain the descriptions of the
procedures are listed. Standard Operating Procedures (SOPs) and nonstandard test methods are
described in Appendices B and C, respectively. In Table 3-6, two different appendices are listed for
bulking: factor. If the untreated waste is a slurry, the bulking factor will be determined according to
the SOP in Appendix B. If the untreated waste is a solid (not a slurry), the bulking factor will be
calculated using densities in accordance with Appendix C. (See Table 1-2 for a list of procedures for
each phase and stage of the project.)

Composite samples will be used in the initial stage(s) to minimize the total number of experiments,
cost, and waste generation. These experiments will aid in the resolution of general ranges of reagent
formulations needed to stabilize and vitrify the waste and to elucidate on potential problems with
different stabilization schemes. Experiments with strata samples will be conducted to determine the
effects of waste material variability on the stabilization processes. See Section 4.0 for a detailed
discussion of the experimental design and lists of desired data.

3.3 PERFORMANCE OBJECTIVES AND DESIRED DATA - METAL EXTRACTION/
PRECIPITATION/STABILIZATION/VITRIFICATION

Specific test objectives have been established so that the performance of various acids, precipitation
agents, and stabilizing reagents can be evaluated. These performance objectives will be used to
determine if metal extraction/precipitation/stabilization/vitrification merits further testing or consider-
ation. The objectives are as follows:

¢ To extract RCRA metals so that the insoluble residue will meet TCLP standards, i.e.,
produce a nonhazardous residue as defined by RCRA 5 8
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TABLE 3-5
SUMMARY OF ANALYTICAL LEVELS

Type of analysis | Field screening or analysis with portable instruments.

Limitations Usually not compound-specific, but results are available in real time. Not
quantifiable.

Data Quality Can provide an indication of contamination presence. Few QA/QC requirements.

Type of analysis

Field analysis with more sophisticated portable instruments or mobile laboratory.
Organics by GC; inorganics by AA, ICP, or XRF.

Limitations Detection limits vary from low parts per million to low parts per billion. Tentative
identification of compounds. Techniques/instruments limited mostly to volatile
organics and metals. "

Data quality Depends on QA/QC steps employed. Data typically reported in concentration

ranges.

Type of analysis

Organics/finorganics performed in an off-site analytical laboratory. May or may not
use CLP procedures. Laboratory may or may not be a CLP laboratory.

Limitations

Tentative compound identification in some cases.

Data quality

Detection limits similar to CLP. Rigorous QA/QC.

Type of analysis

Hazardous Substances List (HSL) organics/inorganics by GC/MS, AA, ICP. Low
parts per billion detection limits. CLP analysis.

Limitations Tentative identification of non-HSL parameters. Validation of laboratory results
may take several weeks.
Data quality Goal is data of known quality. Rigorous QA/QC.

Type of analysis

Analysis by nonstandard methods.

Limitations May require method development or modification. Method-specific detection
limits, Will probably require special lead time.
Data quality Method-specific

Source: EPA, "Guide for Conducting Treatability Studies under CERCLA, "December 1989a.
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TABLE 3-6

STABILIZATION TEST DQOS

Bulking Factor BorC Minimize waste volume increase. A
To estimate the volume of waste that will be generated.
Modified Toxicity Characteristic C During the screening phases, to determine the relative leachability of \Y
Leaching Procedure (MTCLP) hazardous and radiological constituents associated with the various
stabilization reagent formulations.
Waste Form Temperziture Rise C Preliminary process parameters I
Shear Strength C Preliminary process parameters I
Unconfined Compressive Strength B To determine the UCS associated with each of the reagent II
(UCS) formulations
pH, Eh C Preliminary process parameter I
en o
D
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TABLE 3-6

(Continued)

Bulking Factor BorC Minimize waste volume increase. To estimate the volume of waste \'
that will be generated.
UCSs B To determine the UCS associated with each of the stabilization I
reagent formulations.
Full TCLP See QAPP To determine leachability of each of the stabilization reagent IV
formulations. To provide data for the FS risk assessment calcula-
tions.
S-Day Static Leach Test C To provide data for the FS risk assessment calculations v
Permeability C To provide data for the FS risk assessment calculations III
Waste Form Temperature Rise C To provide preliminary process parameters I
Shear Strength C To provide preliminary process parameters I
pH, Eh C Preliminary process parameter I
o p)
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TADLE 3-0

(Continued)

N e

freezefthaw cycles

Radon Emanation Estimate effectiveness of treatment in reducing radon emissions \Y

Radon Leaching Estimate effectiveness of treatment in reducing radon leaching \%

Wet/Dry Estimate effectiveness of treatment in reducing failure due to wet/dry I
cycles

Freeze/Thaw Estimate effectiveness of treatment in reducing failure due to I

®Tests from the preliminary and advanced phases may be used during the optional phase.
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+ To reduce the level of radioactive componénts in the insoluble residue and achicve PRGs
where possible

» To determine the leaching time required
¢ To determine the effect of different waste-to-leach solution ratios on the extractions

* To determine the reagents and conditions necessary to precipitate the metals in the leachate
solution

o To determine the cement stabilization reagents and relative quantities required so that the
final waste form achieves a UCS of approximately 500 psi

o To determine the leachability of all radionuclides and HSL constituents from the final
waste form

+ To determine the cement stabilization reagents and relative quantities required to minimize
leachate concentrations of radionuclides and HSL constituents from the final waste form

+ To minimize the final volume of treated waste

+ To estimate the volumes of wastes that will be generated by each process
¢ To provide preliminary cost and design data for the RI/FS

+ To provide leaching characteristics for use in fate and transport modeling

s To develop preliminary reagent mixture and process parameter data for use in the bench-
and pilot-scale studies as follows:

- For cement stabilization: shear strength, waste form temperature rise with reagent
addition, general description of waste before and after reagent addition, permeability of
treated sample, percent water in the waste, pH and Eh of leachate solutions, and
indications of gas evolution during mixing and curing

- For vitrification: percent water in the waste and types and percent additives required

« To provide data for the evaluation of Altemative 8 - Removal, Contaminant Separation,
and On-Property Disposal and Altemative 9 - Removal, Contaminant Separation, and Off-
Site Disposal

3.4 DQOs - METAL EXTRACTION/PRECIPITATION/STABILIZATION/VITRIFICATION

A list of tests, locations of procedure descriptions, and associated DQOs for metal extrac-
tion/precipitation/stabilization/vitrification are in Table 3-7. See Table 1-3 for a list of procedures for
each phase and stage of the project. All screening will be done using composite samples. Inductively

63
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TABLE 3-7

METALS EXTRACTIONS TEST DQOs

Bulking Factor

BorC

Minimize waste volume increase during stabilization and vitrification. v
Estimate the volume of waste that will be generated.
Modified Toxicity Characteristic C During the screening phases, to determine the relative leachability of A"
Leaching Procedure (MTCLP) hazardous and radiological constituents associated with the various
stabilization and vitrification reagent formulations.
Waste Form Temperature Rise C Preliminary Process Parameters (Cement Stabilization) I
Shear Strength C Preliminary Process Parameters (Cement Stabilization) I
PCT C To determine the durability of the glass formulations. To provide data on A%
the relative leachability of radionuclides and glass components with the
various reagent formulations.
Unconfined Compressive B To determine the unconfined compressive strength associated with each of Il
Strength (UCS) the reagent formulations.
Uranium By IC and Lead By C and To quantitatively compare the effectiveness of various solvents and X
ICP or AA SW-846 reagents during leaching and precipitation experiments.
(@3]
'[2&
pH, Eh C Preliminary process parameter
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TABLE 3-7

(Continued)

Temperature

To determine the effect temperature has on the rate of dissolution of the
metals

III

Radiological See QAPP | To quantify the residual radionuclide concentrations in the insoluble JAY
residue resulting from tests with the most effective solvents. This will be
used to grade solvents pass/fail.
TCLP See QAPP To determine if the insoluble residue resulting from tests with the most Iv
effective solvents can be classified as non-RCRA material. This will be
used to grade solvents pass/fail.
Uranium by IC and C and To quantitatively compare the effectiveness of various solvents and II
Lead by ICP or AA SW-846 reagents during leaching and precipitation experiments.
Temperature C To determine the effect temperature has on the rate of dissolution of the HI
metals
@B
(41
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TABLE 3-7

(Continued)

16-62-60/0€°19€ A/9-PNOMNHLA

cycles

Radon Emanation Estimate effectiveness of treatment in reducing radon emissions A"

Radon Leaching Estimate effectiveness of treatment in reducing radon leaching v

Wet/Dry Estimate effectiveness of treatment in reducing failure due to wet/dry I
cycles

Freeze/Thaw Estimate effectivehess of treatment in reducing failure due to freeze/thaw I1I

3Tests from the preliminary and advanced phases may be used during the optional phase.
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coupled plasma (ICP), atomic absorption (AA), and ion chromatography (IC) analysis tests for lead
and uranium in the leachate will be used to screen out the least effective solvents.

The leaching tests will include analyses of the insoluble residue remaining after the metals have been
extracted. These tests include TCLP for RCRA metals, organics, and radiological analysis for
uranium, radium, thorium, polonium, radon, and lead. These tests will identify the most effective
solvents.

If the leaching process is successful (i.e., the insoluble residue from the leaching has favorable TCLP
and risk-based radiological test results), the leachate from the successful runs will be used in the
precipitation screening. Various precipitation reagents will be used to precipitate metals from the
leachate. The relative effectiveness of the various reagents will be determined. The precipitated
material from the most effective precipitation reagents will be subjected to stabilization tests and
-vitrification experiments. See Section 4.0 for a detailed discussion of the experimental design and lists
of desired data.
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4.0 EXPERIMENTAL DESIGN AND PROCEDURES

4.1 STABILIZATION OF UNTREATED MATERIAL

4.1.1 Preliminary Phase
In the preliminary phase, the main effects of various stabilization reagents (i.e., portland cement Type 11,

Type F fly ash, sodium silicate, attapulgite, clinoptilolite, and water) will be tested. Composite samples
from the 1990 archive and 1990-91 silo sampling programs will be tested. The data produced will be used
to better define the scope of the advanced phase. A stabilization flow sheet is given in Figure 4-1. The
preliminary phase data will also help to define the best reagents to stabilize the metals and radioactive
materials precipitated from the leaching processes (Alternatives 8 and 9).

The preliminary phase consists of up to three separate stages, Stage 1, Stage 2, and Stage 3. The
experimental matrices for Stages 1 and 2 are found in Table 4-1. The formulations for Stage 3, if
required, will be developed after analyzing the results from the initial screening test.

There are two sets of tests in Table 4-1: a statistically based screening test matrix (Group I) and two
single variable matrices (Groups II and III).

In the statistical screening matrix, composite samples will be treated with a combination portland Type
II cement, PQ Corporation Type N sodium silicate, and Type F commercial fly ash (Table 4-1, Group I).
The stabilization matrix is based on the extreme vertices design for mixtures that have constraints on the
values of each factor (McClean and Anderson 1966; Diamond 1981). Because this is a screening study,
all two-dimensional face centroids have been omitted from the study.

The statistical experiments will be used to produce mathematical models to predict results and, if
necessary, to design more comprehensive experimental matrices. The single variable matrices will be used
to demonstrate the effects of changing the source of fly ash and the amount and type of adsorbents.

In the Group II experiments, site fly ash is substituted for a commercial fly ash. The substitution of site
fly ash will allow the stabilization of contaminated material from two operable units at the same time.

Group III experiments are comparisons to Experiment 9 of Group I. The level and type of the adsorbents
(attapulgite and clinoptilolite) are changed. This may affect the leachability of the heavy metals and
radionuclides in the treated samples.

€8
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Y
Preliminary Phase - Stage 1
Composite Samples
Add Reagent To Groups | & Il .
Matrix Formulations
l__ Shear Strength and Bulking Factor Modified Mcdify Reagent Ranges
Temperature Rise | UGS | Determination TCLP [ (it necessary)
1
Preliminary Phase - Stage 2
1990-91 Composite Samples - Silos 1 & 2
Add Reagent To 1989 Composite Samples - Silo 3
Revised Matrix - Groups |, iI, & Ilf
Shear Strength ucs Bulking Factor Modified pH of MTCLP
& Temp Rise Determination TCLP Leachate
Preliminary Phase - Stage 3
1990-91 Composite Samples - Silos 1 & 2
1989 Composite Samples - Silo 3
|
Shear Strength ucs Bulking Factor Modified pH of MTCLP
& Temp Rise Determination TCLP Leachate
Advanced Phase - 20% Duplicate Test
1990-91 Strata Samples - Silos 1 & 2
1989 Composite Samples - Silo 3
Add Bentonite
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& Temp Rise ~| Permeability ucs
L Bulking 5 Day Full pHofTCLP |
Factor Static Leach TCLP Leachate ;
P Optional Phase
' 1990-91 Strata and/or Composite Samples - Silos 1 &2 !
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FIGURE 4-1. STABILIZATION FLOWSHEET
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0-35
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TABLE 4-1

(Continued)

10

100

43

43

0-37

11

100

43

43

0-137

12 100 43 43 12A 0-37
13 100 43 43 12C 0-37
212A and 12C: Add 12 grams of attapulgite and clinoptilolite, respectively.
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4.1.1.1 Preliminary Phase - Stage 1
Preliminary Phase - Stage 1 is a range-finding set of experiments. Samples from the 1990 archive for

Silos 1 and 2 will be treated according to the Group I and II matrices in Table 4-1. The shear strength
and waste form temperature rise will be measured within 10 minutes of mixing waste and reagents. The
UCS will be measured on Day 28. The MTCLP will be measured on the treated sample. The treated
waste will need to achieve a UCS value at least 300 psi to be considered for Stage 2. At the discretion
of the investigator, formulations that have UCS values much greater than SO0 psi may be eliminated.

In addition, the following observations, measurements, or tests will be performed: bulking factor, general
description of waste before and after reagent addition, percent water in waste, pH of stabilized waste
analytical leachate solutions, and indication if there is gas evolution during mixing or during the curing
process.

A TCLP analysis of blanks consisting of each reagent and reagent reacted with sand or quartz will be
conducted.

4.1.1.2 Preliminary Phase - Stage 2
After completion of the Stage 1 tests, separate composited samples from Silos 1 and 2 from the 1990-91

sampling period and from Silo 3 from the 1989 sampling period will be treated according to the
stabilization matrix (Table 4-1). This series of tests will include Groups I through III of Table 4-1.

The shear strength and waste form temperature rise will be measured within 10 minutes of mixing the
waste and reagents. The UCS will be measured on Day 28. MTCLP for metals will also be run on the
samples. In addition, the following observations, measurements, or tests will be performed: bulking
factor, general description of waste before and after reagent addition, percent water in waste, pH of
stabilized waste analytical leachate solutions, and indication if there is gas evolution during mixing or
during the curing process.

Approximately 50- to 100-gram samples will be used in these tests. The matrices listed in Table 4-1 may
be revised depending on the results of Stage 1.

The screening studies on the three composite samples will entail up to 39 experiments (3 composite
samples x 13 runs). Insight gained from completed studies on the composite samples may allow the
elimination of specific reagents and conditions from the treatment studies of other composite samples.
In this case, the total number of experiments with the composite samples may be reduced. Also, the
ranges of the reagents in the matrices may be changed as more is leamed about the samples and when
experiments are completed. It is expected that 20 to 30 percent of the samples (4 to 8 samples) will meet
the 500 psi compressive strength goal, which is the UCS goal for all remaining stages. ? 3

FER/OU4-6/JK.361.4/12-30-91

n

12

13

15

16

17

19

20

21

22

23

27

29

30

3]




RI/FS Treatability Work Plan
January 2, 1992

Vol. WP-Section 4.0 2 éﬂ 7 3_

Page 7 of 27

4.1.1.3 Preliminary Phase - Stage 3

The most promising formulations from Stages 1 and 2 are those with a high UCS (approximately 500 psi),
low leachability for hazardous and radioactive constituents, minimum volume increase of the resultant
waste, and low cost of reagents.

If the initial screening tests provide sufficient data to define ideal conditions, then further testing with
other reagent mixtures may not be necessary. The results may indicate that a reagent combination(s) is
promising, but more data are required to evaluate its performance. If this is the case, additional tests will
be designed to gather these data. The mathematical models develofaed in Stages 1 and 2 will be used to
aid in the development of these experiments.

The shear strength and waste form temperature rise will be measured within 10 minutes of mixing the
waste and reagents. The UCS will be measured on Day 28. MTCLP for metals will also be run on the
samples. In addition, the following observations, measurements, or tests will be performed: bulking
factor, general description of waste before and after reagent addition, percent water in waste, pH of
stabilized waste analytical leachate solutions, and indication if there is gas evolution during mixing or
during the curing process.

The number of experiments may range from zero to five formulations per composite sample.

4.1.2 Advanced Phase - Silos 1 and 2

Before any formulation can be accepted for the Advanced Phase, it must pass through two tiers of decision
making. The treated waste should achieve a UCS value of approximately SO0 psi and meet TCLP
standards. The second tier of decision will be applied to those samples that pass the first tier. The
professional judgment of the investigator will be used to determine a reasonable compromise between
leaching and minimization of the bulking factor and reagent loadings. Formulations that provide this
reasonable compromise will be considered for the Advanced Phase.

The most promising two formulations from the composite sample study will be tested on the top, middle,
and bottom strata (Zones A, B, C) of the Silos 1 and 2 (six strata samples) to determine the effect of the
variability of the samples’ composition on the objective functions. Twenty percent of the samples will
be set and tested in duplicate. The UCS will be determined by laboratory SOP. TCLP, 5-day static leach
test, and permeability will be performed on the samples. The bulking factor of the stabilized material will
be measured. In addition, the following observations, measurements, or tests will be performed: general
description of waste before and after reagent addition, permeability of treated sample, percent water in
waste, pH of stabilized waste analytical leachate solutions, and indication if there is gas evolution during

74

mixing or during the curing process.
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Bentonite will be added to Silos 1 and 2 as part of a removal action to act as a sealant to stop or reduce
radon emissions from the silos. Therefore, the stabilization tests on the top stratum of both Silos 1 and
2 will use 20/80 weight percent bentonite/silo material as the feed instead of silo material only. A 10/90
weight percent bentonite/silo material will be used for tests on the middle stratum. The 20/80 and 10/90
weight percentages were chosen arbitrarily to identify any potential problems or effects that might be
caused by the presence of the bentonite. It is very unlikely that the layer of bentonite will be mixed in
with the entire 20 plus feet of silo wastes before processing. Most of the bentonite would be expected
to be removed with the top half of the silo waste.

4.1.3 Advanced Phase - Silo 3

Composite samples will be used instead of individual strata samples. The most promising two formula-
tions for Silo 3 will be repeated. Twenty percent of the samples will be set in duplicate. The UCS will
be determined by laboratory SOP. TCLP, 5-day static leach test, and permeability will be performed on
the samples. The bulking factor of the stabilized material with the appropriate UCS will be measured.
In addition, the following observations, measurements, or tests will be performed: general description of
waste before and after reagent addition, permeability of treated sample, percent water in waste, pH of
stabilized waste analytical leachate solutions, and indication if there is gas evolution during mixing or
during the curing process.

4.14 Advanced Experiments - Optional
It is possible that some waste forms that appear to be promising will fail TCLP or exhibit other traits

casting doubt on the formulations. If this occurs, optional experiments might be designed. Waste forms
from optional tests would, as a minimum, be subjected to appropriate tests used in Stages 1 and 2 of the
advanced experiments. The treated sample from the 5-day static test may be inspected for physical
degradation after 90 days of leaching. The leachate may be analyzed as during the advanced phase. The
treated waste forms will be subjected to durability tests (ASTM D4842 and ASTM D4843), radon
emissions, tests, and radon leaching tests.

4.1.5 Procedure
The procedures are described in Appendices B and C and are listed below:

Appendix B

Laboratory Notebook Recording Procedures

Analytical Logbook Recording Procedure

Standard Laboratory Sieves: Specification, Calibration, and Maintenance
Bulking Factor Measurement

Calibration of Thermometers

. Unconfined Compressive Strength
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Appendix C

Nuclear Waste Glass Product Consistency Test - Version 3.0 (U)

Bulking Factor Procedure for Nonsludge Type Waste

5-Day Static Leach Test Procedure

Modified TCLP Leach Test Procedure

Waste and Reagent Mixing Procedure

Waste Form Temperature Rise Generic Procedure

Permeability

Generic pH and Eh Produce

Proposed Measurement of Radon Emissions from Stabilized Waste

Shear Strength

Metal Extractions

Precipitation

Vitrification of Leachate

Generic Uranium by Ion Chromatography

Proposed Measurement of Radon Leaching in Water

Standard Test Method for Wetting and Drying Test of Solid Wastes

Standard Test Method for Determining the Resistance of Solid Wastes to Freezing and
Thawing

Standard Practice for Mechanical Mixing of Hydraulic Cement Pastes and Mortars of
Plastic Consistency

Standard Test Method for Laboratory Determination of Water (Moisture) Content of Soil,
Rock, and Soil-Aggregate Mixtures.

4.1.6 Data Required
The following data will be recorded during cement stabilization preliminary and advanced phases:

UCS measured by a laboratory SOP (SOP No. TCL 1109, Appendix B)

Permeability (for advanced phase) |

MTCLP (for preliminary phase), or TCLP and 5-day static leach test (for advanced phase)
Bulking factor

Waste form temperature rise after waste and reagents are mixed, and the time between
mixing and temperature measurements

Approximate shear strength measured within 10 minutes of when waste and reagents are
mixed

Physical characteristics: percent moisture, bulk density
Amount of water added to each waste form

The maximum particle size treated; weight and percentage of material sieved from the raw
waste before treatment

t
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. General description of the waste form before and after reagents are mixed. This includes
a description of any grinding of the sample to meet particle size requirements for UCS
and if the sample was difficult to mix with the reagents

. Description of vapor or gas released during mixing and during curing of mixture

. Physical appearance of mold after 90-day soak in deionized water in optional phase

. pH and Eh of the reagent waste mixture before adding mixture to molds

. pH of MTCLP and TCLP extraction fluids, pH of TCLP extraction fluid determination
test

. pH of 5-day static leach solution

. pH of 90-day leach solution in optional phase

. pH and Eh of slightly wet water waste mixture

. TCLP results for reagents

. TCLP metals results for reagents combined with clean sand or quartz

. Radon emanation test results (optional phase)

. Radon leaching test results (optional phase)

. Wet/Dry testing and freeze/thaw test results (optional phase).

4.2 METAL EXTRACTIONS

4.2.1 Leaching

The objective is to determine the effectiveness of various acid/EDTA leaching solutions in removing lead,
uranium, thorium, and radium from the material in Silos 1 and 2. (The leaching treatability plan is
graphically demonstrated in Figure 4-2.) The preliminary phase consists of up to three sets of tests: Stage
1, Stage 2, and Stage 3. In the Stage 1 and 2 tests, the leachates resulting from the application of the
various acid and EDTA solutions to the samples will be analyzed for lead and uranium. Uranium and lead
are selected as the target compounds in this study because they are present in greater concentrations than
thorium or radium. The removal of thorium, uranium, lead, polonium, and radium will be demonstrated
in the advanced phase. A typical detailed leaching screening plan is shown in Figure 4-3.

ars
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FIGURE 4-2. OVERALL LEACHING FLOWSHEET - SILOS 1 AND 2
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Silos 1 and 2 Acid
Material Extractions
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EDTA Centrifugal/ Syringe

Extractions Filtration

Solid Cake
Filtrate
Dilutions
Analysis by
ICP, IC, AA
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FIGURE 4-3. DETAILED LEACHING PRELIMINARY SCREENING
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4.2.1.1 Leaching - Preliminary Phase - Stage 1

1990 archive samples will be investigated during this stage. The acid and EDTA leaching experiments
are listed in Tables 4-2 and 4-3, respectively. Selected experiments from Table 4-2 will be conducted first
to determine which acids have promise and the effects of temperature and acid concentration on the metal
solubilities. In these initial tests, the effect of temperature is measured with the concentrated acids by
testing them at ambient and 80°C. The effect of acid concentrations is being measured by testing
concentrated acid and dilute acid at elevated temperatures. For each acid, this entails three test points;
that is, Run Nos. 1, 2, 6, 7, 8, 12, 13, 14, and 18 in Table 4-2 will be conducted first.

Hydrogen peroxide, chlorine bleach (NaOCl), and ferric chloride will be added if it is apparent that
uranium is not extracting from the solid. Hydrogen peroxide and bleach are added to oxidize lower
valence uranium species to more soluble uranium (VI) species. Ferric chloride is a catalyst for this
oxidation reaction.

During this stage, a matrix of experiments is being conducted to determine trends of solubilities. If it is
apparent from the analytical results that a particular acid is not successfully leaching the metals, the acid
will be eliminated from further testing. If the analytical results indicate that a particular leachant(s)
extracts more uranium and lead than another leachant, then it is considered promising. The promising
leachant may be investigated further to better define the effect of acid concentrations and temperature on
the solubilities.

The appropriate omitted experiments from Table 4-2 may be conducted if the results indicate that they are
warranted. Also, if the extraction procedures listed in Table 4-2 are effective, then the EDTA extraction
procedures (Table 4-3) will be omitted.

4.2.1.2 Leaching - Preliminary Phase - Stage 2

After completion of the Stage 1 tests, composite samples from the 1990-91 sampling effort will be tested.
Bentonite will be added to the samples (20 percent by weight) before testing. Run numbers from Tables
. 4-2 and 4-3 will be selected based on the Stage 1 results.

4.2.1.3 Leaching - Advanced Phase
The objective of the advanced phase is to demonstrate on larger samples that the leached material is a

nonhazardous material as defined by RCRA and that uranium, lead, thorium, polonium, and radium were
successfully leached from the solid. The 5 to 10 treatments from the preliminary phase tests that yield
leachates with the greatest concentrations of lead and uranium will be repeated on a larger scale
(presumably 100 to 500 grams). Composite samples with bentonite added will be used. The solid
material will be filtered and washed three times with deionized water to remove the soluble compounds.
The leachate and wash water will be analyzed for lead and uranium. The solid material from these latter

50
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TABLE 4-2

ACID EXTRACTIONS

1 60% HNO;*(13N) X X X

2 60% HNO, (13N) X X X
3 30% HNO, (5.6N) X X X

4 30% HNO, (5.6N) X X X
5 15% HNO; (2.6N) X X X

6 15% HNO, (2.6N) X X X
7 36% HCI® (11.6N) X X X

8 36% HCl (11.6N) X X X
9 18% HCI (5.4N) X X X |
10 18% HCI (5.4N) X X X
11 9% HCI (2.6N) X X X

12 9% HCl (2.6N) X X X
13 50% HOAC® (8.8N) X X X

14 50% HOAcC (8.8N) X X X
15 25% HOAc (4.3N) X X X

16 25% HOAc (4.3N) X X X
17 12.5% HOAc (2N) X X X

18 12.5% HOAc (2N) X X X

This test program will comprise 108 discrete samples (2 silos X 18 acids X 3 treatments).

8Nitric acid.
®Hydrochloric acid.
CAcetic acid.

o
ot
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TABLE 4-3

EDTA EXTRACTIONS

19 0.2M X X X
20 0.2M X X X

82
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experiments will be analyzed at the IT Analytical Services (ITAS)-Oak Ridge Laboratory. The analyses
will include TCLP analysis to establish that the extracted materials are nonhazardous as defined by RCRA.
In addition, lead, thorium, radium, polonium, and uranium content will be determined by radiation
analyses. In the optional, stage radon emission and radon leach tests will be performed on the insoluble
residue if the combined Ra-226 and Ra-228 levels in the treated residue are below the 40CFR192.12(a)(2)
limit of 15 pCi/g. The 15 pCi/g limit was selected because the waste will ultimately be buried. Archive
samples will be used for these experiments.

To evaluate Alternatives 8 and 9, the removal effectiveness of the leaching step is the most important step.
The results will provide a rough guide by which the viability of remedial action Alternatives 8 and 9 can
be preliminarily evaluated.

4.2.2 Vitrification of Leachate - Preliminary Phase - Stage 1
This laboratory screening will consist of one phase - preliminary phase - Stage 1. The effects of adding

sodium hydroxide, site fly ash, and site soil will be demonstrated. Except for tests on the dried leachate,
no experiments will be conducted until the chemical characterization of the leachate, soil, and fly ash are
completed. As a target, the reagent waste mixture will have between 40 to 60 percent combined SiO, and
AL, O; content and 10 to 20 percent sodium oxide content when dried. It is expected that this range of
SiO, and Al,04 content will produce a durable glass. The melting point of the glass mixture can be
lowered by increasing the sodium oxide content of the glass. Sodium hydroxide may be added to the
mixture before heating to increase the sodium oxide content of the vitrified waste (sodium hydroxide is
converted to sodium oxide during the vitrification process). Enough sodium hydroxide will be added to
cause the mixture to melt at 1250°C in a muffle fumace. This temperature was chosen to give a
‘reasonable compromise between the cost of adding sodium oxide content to lower the melting point, the
expected increase in leachability as the melting point of mixture is lowered, and the energy cost to melt
and form the vitrified material. It is generally recognized in the glass manufacturing industry by
companies such as Coming that to form homogenous and durable glass mixture with hazardous waste,
melt temperatures between 1250° and 1350°C are needed. If this process is carried forward to the remedy
design phase, the effect of melt temperature may be investigated.

Figure 4-4 presents a flow sheet for the vitrification process. The leachate will be analyzed on a dry basis
for the content of total aluminum as alumina, silicon as silica, and sodium as sodium oxide. The leachate
will be slowly dried in a beaker on a hot plate. Using the chemical analyses of the leachate, fly ash, and
soil as guide, a series of range-finding experiments will be performed. Various amounts of sodium
hydroxide will be added to mixtures of waste, fly ash, and soil to determine the sodium hydroxide
concentration needed to lower the melting point temperature to about 1250°C. These range- finding
experiments will be followed by an experimental matrix similar to Table 4-4. The ranges given in Table
4-4 may be changed after completion of the range-ﬁnding experiments and consideration of the cheméc%
(&
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TABLE 4-4

VITRIFICATION EXPERIMENT MATRIX

1 0 0 0
2 0 100 0
3 0 0 100
4 10 100 0
5 10 0 100
6 20 100 0
7 20 0 100

2Concentration as a percentage of final mixture on a dry basis.

FER/OU4-6/JK.361.4D/12-23-91



RI/FS Treatability Work Plan

January 2, 1992 ;3 4 7 3_

Vol. WP-Section 4.0

Page 19 of 27
analysis of the leachate, soil, and fly ash. In the optional stage, radon emission and radon leach tests will
be performed on the vitrified material. Archive samples will be used for these experiments.

According to Table 44, sodium hydroxide will be added at three levels: O percent, 10 percent, and 20
percent of the dry weight of the waste. The site fly ash and soil will be added at 100 percent of the dry
weight of the waste.

For each of the experiments that are not range-finding experiments, the bulking factor will be recorded.

MTCLP and PCT leaching tests will be performed. Radon emission tests will be conducted.

4.2.3 Leaching Time and Temperature - Preliminary Phase - Stage 1
This set of experiments will use the most promising formulation from Section 4.2.1.3. Initial range-

finding experiments will be conducted to determine the maximum time the samples will be extracted in
the later statistical experiments. The samples will be extracted at 80°C for 7 and 24 hours. Uranium will
be analyzed by IC. Lead will be checked with the ICP. If the concentrations of uranium and lead in the
leachate are similar for the two experiments, the seven-hour extraction times will be used as the maximum
extraction time in the statistical study. Otherwise, the maximum time will be 24 hours. The range-finding
experimental matrix is in Table 4-5A.

The proposed statistical matrix is in Table 4-5B. Experiment Numbers 1 through 5, in Table 4-5B, are
constructed in a two by two factorial experimental design matrix with a center point. The minimum
temperature and time of extraction are 25°C and one hour. The maximum temperature and time of
extraction are 80°C and seven hours. The proposed maximum time of extraction may be increased as a
result of the range-finding experiments.

Ten- to twenty-gram composite samples with 20 percent bentonite will be used in these experiments. A
mathematical model will be derived from these experiments. An experiment at the optimum conditions
predicted from the mathematical model will be completed.

424 Washing Studies - Preliminary Phase - Stage 1

Washing studies of the leached solid will be executed using washing data from Section 4.2.1 as a guide.
Fifty grams of sample will be extracted for these tests. The filter cake will be washed 10 times with
deionized water in a buchner funnel. The volume of each wash will be half the volume of the leachate
solution. The uranium and lead content in each wash liquor will be tested by IC and ICP, respectively.

&6
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> TABLE 4-5A

RANGE-FINDING LEACHING TIME MATRIX

TABLE 4-5B

LEACHING TIME AND TEMPERATURE MATRIX

1 25 1
2 25 7
3 100 1
4 100 7
5 62.5 4
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4.2.5 Precipitation of Metals in the Leachate Solutions

4.2.5.1 Precipitation of Metals in the Leachate Solutions - Preliminary Phase - Stage 1

Acid Extractions Solution

Precipitation reagents will be added to aliquots (3 to 5 cc) of the leachate solutions from Section 4.2.1.3.
The reagents to be investigated are the sodium or potassium salt solutions of hydroxide, sulfide, sulfate,
carbonate, and phosphate. Alum, ferric sulfate, and aqueous sodium silicate (Na,0: SiO,) will also be
investigated. Alum and ferric sulfate additions will be followed by the appropriate pH adjustments.
Slurries of magnesium oxide and calcium hydroxide and dolomitic lime will also be tested. The solutions
will be either syringe-filtered or filtered through a centrifugal microfilter using a 0.45-micron filter. The
filtrate will be analyzed for uranium and lead as noted in Appendix B.

A 0.45- micron filter is used to determine if a removable precipitate is formed. If larger particulates are
needed to improve filtrations or settling, polymer addition and a filter aid may be used.

A series of reagents will also be added in a sequential order where the "first addition" reagent is added
and allowed to react before the "second addition” reagent is added. A list of the tests using sequential
addition is in Table 4-6. A flow sheet for precipitation of extracted metals is given Figure 4-5.

The most promising reagent formulations will be determined by use of professional judgment. The
experiments will note the appearance of turbidity and precipitation in the solution. Correlations between
change in pH and onset of turbidity and precipitation, and correlations of pH with volume or weight of
titrant added will be noted. The experiments will also note the rate of setting and which reagents lower
the uranium and the lead the most. The general procedure of this work plan is an iterative process where
the results from matrices of experiments are used to determine the course of the next set of experiments.

EDTA Chelant Extraction Liquid Decontamination
The metal-laden chelant solution from the most promising extraction treatment will be treated for metals

removal from the liquid by the following methods. The methods are listed in order of testing sequence.
If one of the bulleted methods work, the methods listed in subsequent bullets may not be tested.

. Alkaline precipitation - Tests will be performed by addition of sodium hydroxide,
Na,CO;, or Na;PO, to the liquid. Filtration and subsequent analysis of the treated liquid
will determine the effectiveness of the treatment. If none of the above are successful, a
preliminary treatment with Fe** (to displace other metals) will be used, followed by
alkaline precipitation.

. Insoluble chelant treatment - Tests will include treatment with and without Fe** prelimi-
nary addition at a pH 3 of 6 (to displace other metals), followed by addition of another

&8
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TABLE 4-6

PRECIPITATION OF LEACHATE SOLUTION

Na,0:Si0, NaOH
Na,0:Si0, Na,;PO,
NA,0:Si0, Na,CO,
Na,0:Si0, Na,S
Na,0:Si0, MgO
Na,0:8i0, Ca(OH),
MgO Na;PO,
MgO Na,CO,
MgO Na,S
NaOH Na, PO,
NaOH Na,CO,
NaOH Na,S
Na,PO, NaOH
Na,PO, MgO
Na,PO, Ca(OH),
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organic chelant that forms a stronger insoluble complex. The correct pH (using sodium
hydroxide addition) will be determined empirically based on previous experience.

. Electrochemical treatment - An electrochemical cell can be used to remove metals while
regenerating the chelant extraction liquid. This process consists of an electrochemical cell
divided into two chambers by a cationic ion exchange membrane. One chamber contains
the cathode and metal chelate solution, and the second contains Na,CO, and the anode.
During the process, metals are plated at the cathode while Na* ions migrate across the
cationic exchange membrane to place the working chelant in the Na* form.

. Sodium sulfide treatment - If none of the above treatments are successful, sodium sulfide

will be added to the metal chelate liquid to produce the insoluble metal sulfides. After
filtration of the precipitate, samples will be analyzed for metals.

4.2.5.2 Precipitation of Metals in the Leachate Solutions - Preliminary Phase - Stage 2

Larger aliquots (50 to 100 cc) of the leachate solution will be tested with the most promising precipitation
reagents from Section 4.2.5.1. Settling rates will be determined. Aliquots of these mixtures will be
filtered or centrifuged. Solutions from the latter two operations will be tested for uranium and lead
content.

Note, if three or more precipitation tests are necessary, then further composite waste samples (presumably
300 to 500 grams) will need to be extracted to finish the tests.

4.2.5.3 Precipitation of Metals in the Leachate Solution - Settling - Polymer - Preliminary Phase -

Stage 2
If settling or filtration rates are very slow, then jar tests using inorganic coagulants (such as ferric sulfate)

and/or organic polymers (such as Nalco #7768 anionic polymer). Preliminary range finder tests will be
performed with up to 10 different reagent combinations, incrementally adding the reagents until the
appearance of floc. The most promising treatment, based on dosage versus sludge volume and effluent
quality, will be tested at four different dosages to determine the most effective reagent dosage. A settling
test will be run on the best treatment and dosage. The clear supematant liquid will be sampled and
analyzed for total and dissolved lead and uranium.

4.2.5.4 Precipitation of Metals in the Leachate Solutions - Settling - Filter Aid - Prclimingy Phase -

Stage 2
If the filtration rates are slow, these tests will be conducted. The feed solids concentration will be adjusted

to pumpable solids concentration and the body feed concentrations to three different dosages of filter aid.
Filter aid concentrations will be those recommended by the manufacturer. The treated samples will be
filtered in a buchner funnel. The optimum dose of reagents will be that producing the driest cake and the
most filtrate in the shortest time. The filtrate will be analyzed to determine if the process successfully
lowered the metal content. 91
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4.2.5.5 Precipitation of Metals in the Leachate Solutions - Ion Exchange - Preliminary Phase - Stage 2
Ion exchange will be tested as a final polishing step for precipitation/filtration-treated extraction liquid.

This testing will consist of 10 isotherms using several different ion exchange resins.

4.2.6 Stabilization of Precipitated Material - Preliminary Phase - Stage 1

The most effective stabilization reagents determined from the screening described in Section 4.1 will be
used as a guide in determining the formulations to investigate. Up to 10 formulations will be examined
with the precipitated material. Precipitated material generated in the conduct of Section 4.2.2 will be used.
Shear strength and temperature rise will be recorded within 10 minutes of mixing. Volume increase will
be measured by water displacement. UCS testing will be done if there is enough material to make suitable
molds to test. MTCLPs will be performed on those samples with UCSs of approximately 500 psi. If
UCSs are not done, then MTCLPs will be performed on all samples. If necessary, more waste will be
extracted to produce the leachate and metal precipitate for this process. As an optional step, radon

emission and radon leach tests will be conducted on the stabilized solid; archive samples will be used for
these experiments. Figure 4-5 shows how stabilization fits into the metals extraction studies.

4.2.7 Data Required
The following data will be recorded during the leachant screening:

Acid (solvent) and concentration

Quantity of acid

Quantity of waste

Description of uranium and lead analyses results
Percent bentonite in waste

TCLP of insoluble residue (Stage 3 screening)

The following data will be recorded during the precipitation screening:

. Quantity and type of solvent used to produce leachate
. Precipitation reagents and quantities
. Lead and uranium in filtrate

The following data will be recorded during the precipitation secondary chemical treatment tests:

. Leachate being tested
. Polymers, coagulants, Nalmet 8154, and filter aid added, and their dosages
. Lead and uranium before and after addition of any polymers, coagulants, and filter aid

The following data will be recorded during cement stabilization of precipitated material:

. UCS as measured by a laboratory SOP (SOP No. TCL 1109, Appendik B) (if adequate
material to make molds). an
32
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. MTCLP
. Bulking factor
. Waste form temperature rise after waste and reagents are mixed and the time between
mixing and temperature measurement
. Approximate shear strength measured within 10 minutes of when waste and reagents are
mixed
. Physical characteristics: percent moisture and bulk density
. Amount of water added to each waste form
. The maximum particle size treated; weight and percentage of material sieved from the raw
waste before treatment
. General description of the waste form before and after reagents are mixed. This includes

a description of any grinding of the sample to meet particle size requirements for UCS
and if the sample was difficult to mix with the reagent

. Description of vapor or gas released during mixing and during curing of mixture
. pH and Eh of mixture before adding mixture to molds

. pH of MTCLP extraction fluids

. Radon emanation test results for the solidified material

. Radon leaching test results for the solidified material

The following data will be recorded during the vitrification screening:

. MTCLP
. PCT
T Weights of reagents and waste in final waste form
. Temperature of oven
. Time heating sample
. Bulking factor
. General description of the waste before and after melting
. Physical characteristics: percent moisture, bulk density
. Radon emission tests results

The following data will be recorded during the leaching time and temperature tests:

. Solvents being tested

. Quantity of waste and solvent being tested Q

. Lead and uranium in the leachate as a function of time ho: 3
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The following data will be recorded during the washing studies tests:

. Type of solvent used for leaching

. Quantity of leached solid being rinsed

. Quantity of water used for each rinse

. Uranium and lead in each batch of rinse water
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5.0 EQUIPMENT AND MATERIALS

See Table S-1 for a listing of the major equipment to be used during the laboratory screening.
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TABLE 5-1

EQUIPMENT AND MATERIALS

Multiple Plastic containers, 5 oz and 8 oz
Multiple Spatulas
Multiple Crucibles
1 HACH digital pH meter
1 Glass melter furnace
2 HACH COD digesters Model 45600-00 and associated vial
1 Soiltest laboratory vibrating table
1 Thermometer, calibrated and traceable
1 Scale, calibrated
1 Aluminum heating block
Multiple 2 x 4 Jatco Co. plastic molds for UCS
1 Centrifuge
Multiple 50 cc centrifuge tubes
1 Hobart quart or equivalent planetary mixer
1 alpha survey meter and beta, gamma scanner
1 Soiltest Torvane
50 TFE bombs

Note: This equipment list does not include analytical instrumentation for leachate analyses; equipment
for TCLP, PCT, or 5-day static leach tests; equipment for radon emanation and leaching, wet/dry
tests, or freeze/thaw tests; or general laboratory equipment.
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6.0 SAMPLING AND ANALYSIS

In 1989, the K-65 Silos 1 and 2 in addition to Metal Oxide Silo 3 was sampled by WEMCO.
Although the sampling efforts for Metal Oxide Silo 3 was fairly successful, the sampling efforts for
Silos 1 and 2 with a average sample recovery of 9 percent was not successful. The silo material from
Zones A and B from Silos 1 and 2 was sent for laboratory analysis and archived. In 1990 and 1991, a
new sampling attempt was conducted on K-65 silos 1 and 2 by Advanced Sciences, Inc./IT
Corporation (ASI/IT) that was successful. The silo material recovered in 1990 was primarily from the
southwest manway of each silo, which was archived at the time for future material needs. In 1991,
sampling of the remaining manway of the two silos was completed. Due to the large volume of
material required by the IT and WEMCO treatability studies, it was necessary to combine the 1990
archived material with the 1991 silo material. This material was consolidated to give complete Zone
A, Zone B, Zone C, and Zone A, B, C composites for each silo. Undisturbed samples from each
manway sampled has been retrieved for geotechnical analysis. The 1989 archived silo material will
only be used for the optional phase of the treatability studies.

A review of the Characterization Investigation Study (CIS) (Weston 1986) data revealed additional
requirements for Silos 1 and 2. These data are needed for the final design of the remedial actions and
also for the evaluation of the risks associated with remediation. Consequently, a Sampling and
Analysis Plan (SAP) for resampling Silos 1 and 2 has been prepared and approved. Actual field
sampling ended in August 1991. The samples taken in this sampling program will be used for this
laboratory screening. '

A total of 24 samples were taken from Silos 1 and 2 under the sampling program (Figures 6-1, 6-2,
and 6-3). The spatial variability of the silo contents considered both horizontal and vertical variability.
The known disposal history indicated that the K-65 residuals are homogeneous in the horizontal
direction and nonhomogeneous in the vertical direction. The 1990 resampling program established,
through a visual observation of archive samples recovered from the southwest manways of Silos 1 and
2, that there is not a continuous strata variability in the vertical direction.

According to the SAP, a full range of radionuclide, organic, and inorganic analyses will be conducted
on the retrieved samples. These analyses are listed in Table 6-1. For the material to be treated, this
study requires that the presence and concentrations of a number of analytes be known as well as a
number of physical parameters. The analytes and physical parameters are of interest because their
presence and/or high concentrations may have adverse effects on the proposed cement stabilization,
chemical separation, and vitrification testing. The tests to determine physical parameters are listed in
Table 6-2. Silo 3 was sampled under the 1989 program carried out by WEMCO. Results of the
analyses for radionuclides, inorganics, and organics are given in Appendix D. 9 ’?
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SILO #1 (81)
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SILO #2 (S2)

General Sample nomenclature is as follows:

Silo Number - Manway 1.D. - Zone |.D. - Section |.D.
Example: 251-SW-A-1 indicates second sampling period,
Silo 1 - Southwest manway - Zone A - Section 1

FIGURE 6-1. IDENTIFICATION OF CORE SAMPLES
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SILO CONTENT MATERIAL SAMPLE CORE SUBSAMPLES SHALL BE TAKEN FROM ALL
OF THE SPECIFIED ZONES ABOVE. THESE ZONES SHALL BE DETERMINED BY THE
ONE-THIRD INCREMENT IN WHICH EACH MANWAY IS SAMPLED. ALL SECTIONS SHALL
BE BETWEEN 12 AND 18 INCHES IN LENGTH. A COMPOSITE SAMPLE SHALL BE
COLLECTED FROM EACH ZONE FOR ANALYTICAL TESTS SUCH AS HSL INORGANICS,
HSL ORGANICS, TCLP ORGANICS, TCLP METALS, AND RADIONUCLIDES. A HIGH
RADIOLOGICAL SAMPLE SHALL BE TAKEN FROM ONE SECTION PER MANWAY CORE.

R/FEMP-4005-6/6-2

FIGURE 6-2. SECTIONING OF SE, NW, AND NE SAMPLE CORES
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THE SE, NW, AND NE SAMPLE CORES WILL BE SUBSAMPLED FOR ENGINEERING
TESTS. THREE COMPOSITED SAMPLES FROM EACH SILO WILL BE MADE UP OF
SUBSAMPLES FROM THE SAME HORIZONTAL LAYERS (ZONES). CRITERIA TO SELECT
SPECIFIC ZONES FROM EACH CORE FOR SAMPLING WILL BE BASED ON SAME CRITERIA
USED IN SECTIONING NE, SE, AND NW CORES LESS THE RADIOLOGICALLY MOST
ACTIVE ZONE CRITERIA.
160

FIGURE 6-3. SUBSAMPLING OF SAMPLE CORES FOR ENGINEERING TESTS
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